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A B S T R A C T
A g e n e r a l  s n rv e y  o f  th e  r e a c t i o n  o f  e l e c t r o p h i l i c  
h a lo g e n s  w i th  p o ly n u c le a r  a ro m a t ic  s u b s t r a t e s  h a s  l e d  
t o  th e  c p n c lu s io n  t h a t  i n  many c a s e s  a d d i t i o n  may ta k e  
p la c e  c o n c u r r e n t ly  w i th  s u b s t i t u t i o n *  T h is  i s  im p o r ta n t  
i n  u n d e r s ta n d in g  th e  m echanism  o f  t h i s  k in d  o f  r e a c t i o n ,  
e s p e c i a l l y  a s  to  th e  s e q u e n c e s  l e a d in g  to  th e  i s o l a t e d  
p r o d u c t s ,  w h ich  seem  to  r e p r e s e n t  an  a l t e r n a t i v e  f a t e  
o f  a  common ca rb o n iu m  i o n i c  i n t e r m e d i a t e •
The a d d i t i o n  o f  m o le c u la r  c h l o r in e  to  a  num ber o f  
s im p le  n a p h th a le n e  d e r i v a t i v e s  h a s ,  t h e r e f o r e ,  b ee n  in =  
v e s t i g a t e d  u n d e r  a  w ide  ra n g e  o f  e x p e r im e n ta l  c o n d i t i o n s .  
The p r o d u c ts  o f  th e s e  r e a c t i o n s  w ere  i s o l a t e d  and c h a r=  
a c t e r i s e d  a s  f a r  a s  p o s s i b l e ,  p a r t i c u l a t l y  by u s in g  
colum n c h ro m a to g ra p h y , p r o to n  m a g n e tic  r e s o n a n c e  s p e c t r o =  
sc o p y , and k i n e t i c  te c h n iq u e s *
The c h l o r i n a t i o n  o f  1 - ,  2 - ,  1 , 2 - ,  and 1 , 4 - s u b s t i t u =  
te d  n a p h th a le n e s ,  w i th  a c t i v a t i n g , d e a c t i v a t i n g , o r  m ixed 
g ro u p s  on th e  n u c l e u s ,  gave p r o d u c ts  o f  s u b s t i t u t i o n ,  
acco m p an ied  m a in ly  by  t e t r a c h l o r i d e s  and a c e to x y t r i c h lo =  
r i d e s ,  whose s t r u c t u r e s  and p re d o m in a n t c o n fo rm a tio n s  
i n  s o l u t i o n  h av e  b e e n  e l u c i d a t e d .  On th e  w hole i t  i s  
fo u n d  t h a t  a d d i t i o n  o f  c h l o r in e  a lw a y s  o c c u rs  on th e  
r i n g  to  w h ich  s u b s t i t u t i o n  t a k e s  p la c e  i n  a c c o rd a n c e  
w i th  th e  r u l e s  g o v e rn in g  e l e c t r o p h i l i c  s u b s t i t u t i o n .  Of 
th e  s i x  p o s s i b l e  o r i e n t a t i o n s  o f  s u b s t i t u e n t s  i n  th e
i i
r e s u l t i n g  t e t r a l i n  r i n g  s y s te m , two fo rm s c l e a r l y  p re =  
d o m in a te , h a v in g  th e  a tom s ( o r  g ro u p s )  added  to  th e  
a l i c y c l i c  r i n g  a c c o r d in g  to  a * - e - e - a *  o r  a * - e - e - e * 
s p a t i a l  o r i e n t a t i o n .
The r e l a t i v e  r a t e s  and p r o d u c ts  o f  a l k a l i n e  dehy= 
d r o c h l o r i n a t i o n  h av e  a l s o  b e e n  s tu d i e d  and a r e  th o s e  
e x p e c te d  fro m  th e  c o n f ig u r a t i o n s  o f  th e  i n d i v i d u a l  p ro =  
d u c t s  ex am in ed , and  th ro w  some l i g h t  on t h e i r  p o s s i b l e  
modes o f  h y d ro g e n  c h l o r id e  e l i m i n a t i o n .
F i n a l l y ,  i n  d i s c u s s i n g  th e  r e a c t i o n  p a th s  l e a d in g  
to  th e  a d d i t i o n  p r o d u c t s ,  th e  r e s u l t s  c o n f irm  th e  pos=  
s i b i l i t y  t h a t  p o l a r  a d d i t i o n  o f  c h l o r in e  c a n  p ro c e e d  
b o th  i n  th e  c i s -  and  t r a n s - s e n s e  ; b u t ,  when h e t e r o l y t i c  
c o n d i t i o n s  a r e  c h o s e n , th e  fo rm e r  i s  a  m o st f r e q u e n t  
p r o c e s s  t h a t  h a s  u s u a l l y  b e e n  r e c o g n iz e d .
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SECTION I  -  I N T R O D U C T I O N
1 .  HISTORICAL PERSPECTIVE.
The g r e a t  d e v e lo p m e n t o f  m odem  o r g a n ic  ch em istry - 
e v o lv e d  th ro u g h  th e  a p p l i c a t i o n  o f  new p h y s ic o -c h e m ic a l  
c o n c e p ts  to  th e  s y s t e m a t ic  s tu d y ,  u n d e r  s p e c i f i e d  ex= 
p e r im e n ta l  c o n d i t i o n s ,  o f  th e  t r a n s f o r m a t io n s  e & i h i t e d  
by o r g a n ic  m o le c u le s ,  w h ich  c o n s t i t u t e d  th e  m a ss iv e  
body o f  khow ledge o f t e n  r e f e r r e d  t o  a s  " th e  c h e m is t ry  
o f  f u n c t i o n a l  g r o u p s " .
By th e  n i n e t e e n  - tw e n tie s , th e  quantum  and  wave 
m e c h a n ic s  w ere  p r o v id in g  a  m ore p r e c i s e  e l e c t r o n i c  
th e o r y  o f  c h e m ic a l b o n d s , and  th e  E n g l i s h  s c h o o l  o f  
o r g a n ic  c h e m is ts  a c h ie v e d  a  r e m a rk a b le  p r o g r e s s  to w ard  
r e l a t i n g  th e s e  c o n c e p ts  to  th e  d e t a i l e d  i n v e s t i g a t i o n  
o f  c h e m ic a l r e a c t i o n  m ech an ism s.
A t th e  same t im e ,  th e  t r a n s i t i o n  s t a t e  th e o ry  o f  
r e a c t i o n  k i n e t i c s ,  r e g a r d e d  th e  " a c t i v a t e d  com plex" a s  
a  d i s c r e t e  m o le c u la r  e n t i t y  and w as q u ic k ly  a d o p te d .
On th e  e x p e r im e n ta l  s i d e ,  th e  i n t r o d u c t i o n  o f  new 
te c h n iq u e s  and  in s t r u m e n ts  f o r  s e p a r a t i n g ,  a n a ly z in g ,  
and  i d e n t i f y i n g  o r g a n ic  com pounds g r e a t l y  f a c i l i t a t e d  
th e  w h o le  e f f o r t ,  g iv in g  d e t a i l e d  in f o r m a t io n  a b o u t  th e  
s t r u c t u r e s  o f  unknow n com pounds and p r o v id in g  th e  in d i s =  
p e n s a b le  a i d  i n  o b t a i n i n g  v e r y  com plex  p r o d u c t s ,  w hose 
s y n t h e s i s  w ere  i n s o f a r  c o n s id e r e d  o u t  o f  r e a c h .
I n  th e  c o m b in a t io n  o f  s u c h  f a c t o r s  l i e s  th e  s ig =  
n i f i c a n c e  o f  t h i s  e x c i t i n g  d e v e lo p m e n t; i t  m u st be con= 
s id e r e d  i n  th e  l i g h t  o f  th e  h i s t o r y  o f  i d e a s  i n  th e  
n a t u r a l  s c i e n c e s  a s  a n  a c h ie v e m e n t , p r o g r e s s i n g  fro m  
th e  e m p ir ism  o f  th e  f a c t u a l  know ledge a c c u m u la te d  s in c e  
th e  e a r l i e s t  d ay s  o f  c i v i l i s a t i o n  to  a  s y n t h e s i s  o f  
th e s e  f a c t s  i n t o  a  c o h e re n t  s y s te m , w h ich  m akes th e  
o r g a n ic  c h e m is t ry  p la y  a  p ro m in e n t r o l e  i n  th e  s c i=  
e n t i f i c  movement o f  th e  t w e n t i e t h  c e n tu r y .
2 .  B A S I C  C O N C E P T S .
2 ,1  COVAIENCY AND ELECTRONIC DENSITY^
The atom  i s  d e s c r ib e d  a s  a  p o s i t i v e l y  c h a rg e d  nu= 
c l e u s  s u r ro u n d e d  by  an  e q u i v a l e n t  num ber o f  e l e c t r o n s ,  
w hose p o s i t i o n  and  v e l o c i t y  a r e  s u b j e c t  t o  th e  la w s o f  
wave and  quantum  m e c h a n ic s . C h em ica l r e a c t i v i t y  i s  ex= 
p r e s s e d  i n  te rm s  o f  th e  b e h a v io u r  o f  o u t e r  e l e c t r o n s ,  
w h ic h  a r e  p i c t u r e d  a s  m oving w i th  a  d e f i h i t e  p r o b a b i l=  
i t y  d i s t r i b u t i o n  o f  c h a rg e  a ro u n d  th e  n u c le u s  i t s e l f .  
The r e g io n  o f  sp a c e  i n  w h ic h  th e  éL ectro n  d e n s i t y  i s  
maximum i s  c a l l e d  a to m ic  o r b i t a l .
The s p e c i a l  p r o p e r t i e s  o f  c a r b o n - c o n ta in in g  com= 
po u n d s c a n  be a t t r i b u t e d  to  i t s  r e l a t i v e l y  s m a l l  a to m ic  
c o n f i g u r a t i o n  h a v in g  two e l e c t r o n s  i n  th e  i n n e r  s h e l l  
( i s ,  s p h e r i c a l l y  s y m m e tr ic a l ,  o r b i t a l )  and  f o u r  v a le n c e  
e l e c t r o n s  i n  th e  o u t e r  s h e l l :  two o f  th e  l a t t e r  a r e  i n
^ C .A .C o u ls o n ," V a le n c e " ,O x fo rd  U n i v .P r e s s ,1 9 6 5 (3 rd  E d .)
th e  2 s  o r b i t a l  and  th e  r e m a in in g  two i n  th e  2p dumbe 1 1 -  
s h a p e d , s p a t i a l l y  o r i e n t e d  o r b i t a l s .  I t  i s ,  h o w ev e r, 
m ore f a v o u r a b le  f o r  th e  c a rb o n  atom  to  assum e an  en= 
e r g e t i c a l l y  d i f f e r e n t  s t a t e  h a v in g  one e l e c t r o n  i n  th e  
S s o r b i t a l  and  t h r e e  e l e c t r o n s  i n  th e  ^  o r b i t a l s .
O r b i t a l  h y b r i d i s a t i o n  i s  an  a d d i t i o n a l  f a c t o r  
w h ic h  p la y s  an  im p o r ta n t  r o l e  i n  th e  v a le n c y  s t a t e s  
o f  c a rb o n ;  i n s t e a d  o f  fo rm in g  bo n d s w i th  i t s  s  and  £  
o r b i t a l s ,  t e t r a v a l e n t  c a rb o n  m ix es  them  and  th e  th e o r y  
i n d i c a t e s  t h r e e  p o s s i b l e  modes o f  h y b r i d i s a t i o n  o f  th e  
f o u r  a to m ic  o r b i t a l s .
1 .  T e t r a h e d r a l  h y b r i d i s a t i o n  i s  d e s ig n a te d  a s  sp^  , 
th u s  i n d i c a t i n g  th e  c o m b in a tio n  o f  t h r e e  £  w i th  one s  
o r b i t a l s .  The r e s u l t i n g  f o u r  new o r b i t a l s  a r e  a l l  e= 
q u i v a l e n t  and  p r e s e n t  a  g e o m e t r ic a l  sh a p e  in te r m e d ia te  
b e tw e e n  th o s e  o f  th e  o r i g i n a t i n g  o n e s .  They a r e  sym= 
m e t r i c a l  a b o u t th e  a x e s  o f  a  r e g u l a r  t e t r a h e d r o n  and 
fo rm  -b o n d s  i n  s a t u r a t e d  m o le c u le s ,  th e  v a le n c y  a n g le  
b e in g  1 0 9 f r om e a c h  o t h e r .
2 .  T r ig o n a l  h y b r i d i s a t i o n  o c c o u rs  when th e  c a rb o n  i s
bound to  o n ly  t h r e e  a to m s , and r e s u l t s  fro m  a  com bina=
2t i o n  o f  one £  and two £  o r b i t a l s ,  t o  g iv e  t h r e e  sp  
e q u i v a l e n t  o r b i t a l s ;  th e s e  a r e  c o p la n a r  a t  120® a n g l e s ,  
and  c a n  fo rm  t h r e e  o' b o n d s i n  u n s a t u r a t e d  com pounds.
The u n ch an g ed  £  o r b i t a l  i s  p e r p e n d i c u l a r  to  th e  p la n e  
o f  th e  <r b o n d s , and  a l lo w s  th e  f o r m a t io n  o f  an  a d d i=  
t i o n a l  bond by s id e  c o u p l in g  w i th  th e  f r e e  £  o r b i t a l
o f  one o f  th e  a tom s jo in e d  t o  th e  c a rb o n  i t s e l f  ( r f  
b o n d ) •
3* D ig o n a l h y b r i d i s a t i o n  o c c o u rs  when th e  c a rb o n  i s  
jo in e d  t o  o n ly  two a to m s; one s  and one £  o r b i t a l s  a r e  
h y b r id i s e d  t o  g iv e  two c o a x i a l  s p ^ o r b i t a l s ,  fo rm in g  
two e q u i v a l e n t  ^  b o n d s w hose v a le n c y  a n g le s  a r e  180®. 
The two u n h y b r id i s e d  £  o r b i t a l s  a r e  m u tu a l ly  p e rp e n =  
d i c u l a r ,  and  c a n  be u s e d  to  fo rm  two i r - b o n d s .
As a  r e s u l t ,  a  s im p le  o r  m u l t i p l e  c h e m ic a l bond 
b e tw e e n  c a rb o n  and  o t h e r  a tom s i s  r e p r e s e n te d  a s  re =  
s u i t i n g  fro m  two e l e c t r o n s  f i l l i n g  a  s o - c a l l e d  m ole=  
c u l a r  o r b i t a l ,  t h a t  i n c lu d e s  b o th  off th e  n u c l e i  bound 
t o g e t h e r  and  i s  fo rm ed  by  a x i a l  and  l a t e r a l  o v e r la p =  
p in g  o f  8 and £  a to m ic  o r b i t a l s .
2 .2  FACTORS AFFECTING CHEMICAL REACTIVITY?’ ^
A c o v a le n t  bond c a n  be m ore o r  l e s s  p o la r ,a c c o r d =  
in g  to  i t s  l e n g h t  and  to  th e  n a t u r e  o f  th e  a tom s in =  
v o lv e d .  The r e s u l t i n g  d is p la c e m e n t  o f  th e  e l e c t r o n i c  
c lo u d  to w a rd s  th e  m ore e l e c t r o n e g a t i v e  n u c le u s  c a n  be 
p ro p a g a te d  a lo n g  a  c h a in  o f  c a rb o n  a tom s and th ro u g h  
or b o n d s  by  a  r a t h e r  s h o r t - r a n g e d  e l e c t r o s t a t i c  in d u c =  
t i o n ;  t h i s  m u tu a l i n f lu e n c e  o f  v a r io u s  a tom s i n  a  mo= 
l e c u l e  r e f e r s  t o  t h e i r  e l e c t r o n  a t t r a c t i n g  o r  r e p e l l i n g
2
C .K .I n g o ld ," S t r u c tu r e  and M echanism  i n  O rg a n ic  Chem= 
i s t r y " . C o r n e l l  U n iv . P r e s s , I t h a c a , 1 9 5 3 .
^ E .S .G o u ld ,"M e c h a n ism  and  S t r u c t u r e  i n  O rg a n ic  Chem= 
i s t r y " , H o l t ,  New Y o rk , I 9 6 0 .
pow er r e l a t i v e  to  t h a t  o f  a  bonded  h y d ro g e n , and i s  
c a l l e d  th e  i n d u c t iv e  e f f e c t  (+  l ) .
I n  a  c o n ju g a te d  s y s te m , w here  th e  m o b i l i t y  off 
th e  e l e c t r o n s  g iv e s  r i s e  to  bond d e l o c a l i s a t i o n ,  th e  
i n t e r a c t i o n  w i th  a  n e ig h b o u r  a tom  o r  g ro u p  a l t e r s  
th e  p o l a r i s a t i o n  o f  th e  m o le c u le  by  v i r t u e  o f  th e  
o v e r la p  b e tw e en  th e  a d j a c e n t  £  a n d /o r  T T e le c t r o n s .
The c o r r e s p o n d in g  p a r t i a l  d is p la c e m e n t  o f  e l e c t r o n s  
away fro m  th e  g ro u p  and to w a rd s  th e  u n s a t u r a t e d  sy s=  
tern t o  w h ich  i t  i s  a t t a c h e d  o r  v i c e v e r s a . i n d i c a t e s  
th e  d i r e c t i o n  to  w h ic h  th e  e f f e c t  p r o p a g a te s  th ro u g h  
th e  d e l o c a l i s e d  T T o r b i t a l s :  t h i s  p o s i t i v e  o r  n e g a t iv e  
change i n  p o l a r i s a t i o n  o f  th e  m o le c u le  i s  th e n  a  con= 
se q u e n c e  o f  e l e c t r o n s  d e l o c a l i s a t i o n ,  o r  i t s  f u r t h e r  
e x t e n s io n  i n  r e s p e c t  to  a  r e f e r e n c e  com pound, and  i t  
i s  c a l l e d  m eso m eric  e f f e c t  M) .
C o n ju g a t io n  seem s n o t  c o n f in e d  to  e l e c t r o n s  i n  
th e  £  s t a t e ,  and  i t  i s  r e a s o n a b le  t o  su p p o se  t h a t  th e  
te n d e n c y  o f  a  s i n g l e  bond to w a rd s  d e l o c a l i s a t i o n  in =  
c r e a s e s  a s  th e  s t a t e  o f  i t s  e l e c t r o n s  r e c e d e s  fro m  a 
and a p p ro a c h e s  to  £  . E l e c t r o n  r e l e a s e  fro m  a  sp  
h y b r id i s e d  C-H bond ( o f  an  a l k y l  g ro u p )  may o c c o u r  
i f  th e  p o s s i b i l i t y  e x i s t s  f o r  them  o f  o v e r la p  w i th  
th o s e  o f  a d j a c e n t  £  o r  <T o r b i t a l s  (o n  a  d o u b le  bond 
o r  c a t i o n i c  c e n t r e ) ,  and le a d  to  h y p e r c o n ju g a t io n .
H H'*'
 c —  c + —  — c = c  —
T h is  e f f e c t  f o l lo w s  a  r e v e r s e  o r d e r  th a n  th e  i n d u c t iv e  
o n e :
> -CHgOH  ^ >  -OH(CH^)g >  -C(OH^)^
The same th e o r y  a l lo w s  i n t e r p r e t a t i o n  o f  c o n ju g a t io n  
o f  T fw ith  s im p le  ( ^ )  c a rb o n -c a rb o n  b o n d s .
The d i s t r i b u t i o n  o f  e l e c t r o n  d e n s i t y  b e tw e en  th e  
b o n d s o f  a  g ro u p  o r  m o le c u le  i n  a  p a r t i c u l a r  a c t i v a t e d  
s t a t e  ( s e e  l a t e r )  may be ch an g ed  i n  a  d i r e c t i o n  su c h  
a s  to  f a c i l i t a t e  i t s  f o r m a t io n ,  u n d e r  th e  i n f lu e n c e  o f  
e x t e r n a l  t i m e - v a r i a b l e  f a c t o r s .  Any su c h  e f f e c t s  a r e  
named a s  p o l a r i s a b i l i t v  . t o d i s t i n g u i s h  them  fro m  th e  
c o r r e s p o n d in g  p e rm a n e n t p o l a r i s a t i o n  m a n if e s te d  i n  a n  
h y p o t h e t i c a l l y  i s o l a t e d  g ro u n d  s t a t e  o f  th e  m o le c u le .  
The a d d i t i o n a l  i n d u c t iv e  e f f e c t  s t i m u la t e d  by th e s e  
c o n d i t i o n s  -  th e  in d u e to m e r ic  e f f e c t  ( ) -  i s  o f
s m a l l  im p o r ta n c e ,  b u t  i s  m eso m eric  c o u n t e r p a r t ,  w h ich  
i s  c a l l e d  e l e c t r o m e r i c  e f f e c t  ( E ) ,  i s  e x c e p t i o n a l l y  
im p o r ta n t ,  b e c a u s e  e l e c t r o n s  i n  r rb o n d s  a r e  in f lu e n c e d  
more r e a d i l y  th a n  th o s e  i n  o- b o n d s  by  th e  p r o x im i ty  o f  
an  e l e c t r i c  c h a rg e ,  and o f t e n  c a u s e s  a  r e l e a s e  o f  e lec=  
t r o n s  i n  a  d i r e c t i o n  o p p o s i te  to  t h a t  f a v o u re d  by th e  
p e rm a n e n t i n d u c t i o n .
B e s id e s  th e  m a in  e f f e c t s  c o n s id e r e d  a b o v e , g ro u p s  
a d j a c e n t  to  a  r e a c t i o n  c e n t r e  may i n  c e r t a i n  c a s e s  in =  
t e r a c t  w i th  i t ,  e i t h e r  e l e c t r o s t a t i c a l l y  o r  t o  th e  ex=
t e n t  o f  fo rm in g  c o v a le n c ie s  ( n e ig h b o u r in g -g ro u p  e f ­
f e c t s ) ;  s t e r i c  i n f l u e n c e s  h ave  a l s o  t o  be ta k e n  i n t o  
a c c o u n t ,  when th e  p o s s i b i l i t y  e x i s t s  o f  n o n -b o n d ed  
i n t e r a c t i o n s *
F i n a l l y ,  r e a c t i v i t y  i s  a l s o  d e p e n d e n t on th e  
e n v iro n m e n t, a c c o r d in g  to  th e  n a t u r e  and c o n c e n t r a t i o n  
o f  a  p a r t i c u l a r  r e a g e n t ,  th e  r e a c t i o n  m edium , th e  
te m p e r a tu r e ,  and  i o n i c  s t r e n g t h .
2 .3  BACKGROUND TO REACTION MECHANISMS?’ ^ ^
A r e a c t i o n ,  fro m  th e  p o i n t  o f  v iew  o f  th e  e le c =  
t r o n i c  th e o r y ,  c o n s i s t s  o f  an  i n t e r a c t i o n  b e tw e e n  th e  
p a r t i c i p a n t s ,  te rm e d  s u b s t r a t e  and  r e a g e n t ,  and  im p l i=  
e s  a  r e d i s t r i b u t i o n  o f  e l e c t r o n s  b e tw e e n  d i f f e r e n t  
a tom s th ro u g h  bon  b r e a k in g  and bond m a k in g .
The p r e s e n c e  o f  p o l a r  g ro u p s  i n  a  s t r u c t u r e  w i l l  f a =  
c i l i t a t e  a t t a c k  a t  p a r t i c u l a r  s i t e s  by r e a g e n t s  o f  
d i f f e r e n t  e l e c t r o n i c  t y p e .
A c c o rd in g  to  i t s  n a tu r e  a  r e a g e n t  c a n  be c l a s s i =  
f i e d  a s  n u c l e o p h i l i c , e l e c t r o p h i l i c . and r a d i c a l - l i k e .
A n u c le o p h i l e  d o n a te s  e l e c t r o n s ,  t o  fo rm  a  bond 
w i th  an  u n s c re e n e d  n u c l e u s .  I t  c a n  b e :
(1 )  a  n e g a t iv e  i o n ,  Y~ ( e . g . .  C l" ,  R0“ , N~ , c a rb a n =  
i o n ) ,  £ ^
(2 )  a  d i p o l a r  m o le c u le  a c t i n g  a s  a n io n -d o n o r ,  ~Y— X"'
(e.g. ,  ^^Li, :^ -^ -MgBr, iP-H, y(Q=C<^  ),
^ J .P a c k e r  and  K .V au g h an ,"A  M odern A p p ro ach  to  O rg a n ic  
C h e m is t ry " , O xgord U n iv . P r e s s , 1 9 5 8 .
8( 3 )  a  n e u t r a l  s p e c i e s  w i th  s u f f i c i e n t l y  m o b ile  f r e e  
p a i r s  o f  £  e l e c t r o n s  ( e . g . ,  E -O -R , R^N: , R-O-H ,
L ew is b a s e s  i n  g e n e r a l ) ,  o r
(4 )  a  r e d u c in g  a g e n t  ( e . g . ,  Na, F e ^ ^ , | Fe(C N )^ ) .
C o n v e rs e ly , an  e l e c t r o p h i l e  c a n  a c c e p t  e l e c t r o n s  
t o  c o m p le te  i t s  o u t e r  v a le n c y  s h e l l ,  th ro u g h  b o n d - fo r=  
mat i o n  w i th  s u b s t r a t e s  h a v in g  n e g a t i v e ly  c h a rg e d  p a r t s .  
T h is  a c t i o n  u s u a l l y  in v o lv e s  a d d i t i o n  to  th e  r e a g e n t  
o r  t r a n s f e r  o f  an  e l e c t r o n - d e f i c i e n t  s p e c i e s  ( s u c h  a s  
a  p r o t o n ^ . E l e c t r o p h i l e s  a r e :
(1 )  p o s i t i v e  i o n s ,  ( e . g . ,  Cl"^, , A r - l J  ) ,
s  ^  %( 2 )  d i p o l a r  m o le c u le s  w h ich  g iv e  c a t i o n s ,  — X ( e . g . , 
C 1-4)H , / C : ^ ,  B r /n s t e d  a c id s  H-Q" ) and  n o n - p o la r
m o le c u le s  w h ic h  p o l a r i s e  u n d e r  th e  i n f lu e n c e  o f  th e  
s u b s t r a t e  (e  . g .  — B r , ^ 1 — C l^"),
( 3 )  e l e c t r o n  d e f i c i e n t  com pounds ( e . g . ,  SO^, ZnCl^ ,
BF , A lC l ) ,  and
3 +(4 )  o x i d i s i n g  a g e n ts  ( e . g . ,  0 ^ , R-O-O-R, Fe , 
)P e (C N )g F "  ) .
A r a d i c a l  i s  a  t r a n s i e n t  s p e c i e s  h a v in g  an  u n p a i r e d  
e l e c t r o n .
The g r e a t  num ber o f  i n t e r c o n v e r s i o n s  w h ich  o rg a=  
n i c  com pounds u n d e rg o  ca n  be g ro u p ed  i n t o  a  r e l a t i v e l y  
few  r e a c t i o n  sch em e s , e a c h  o f  them  in v o lv in g  s i m i l a r  
e l e c t r o n i c  t r a n s i t i o n s  b e tw e en  t h e i r  te rm s .
I n  th e  c le a v a g e  and f o r m a t io n  o f  a  s i n g l e  cova=
l e n t  b o n d , b o th  e l e c t r o n s  c a n  be t r a n s f e r r e d  to  one 
o f  th e  a tom s (h e t e r o l y t i c  o r  p o l a r  p r o c e s s ) ;
H* t  H-
Sharing
I n  o th e r  c a s e s ,  th e s e  e l e c t r o n s  can  be e v e n ly  d iv id e d  
o r  p a i r e d  ( h o m o ly t ic  o r  r a d i c a l  p r o c e s s ) ;
Rrffe R- + R*
pairing
W ith in  t h i s  c l a s s i f i c a t i o n  t h e r e  a r e  e s s e n t i a l l y  f o u r  
c l a s s e s  o f  r e a c t i o n s  w h ich  o r g a n ic  m o le c u le s  c a n  un= 
d e rg o :
-  D is p la c e m e n t ( o r  s u b s t i t u t i o n  ) ,  i n  w h ich  a  g ro u p  
a t t a c h e d  to  a  c a rb o n  atom  i s  rem oved  and a n o th e r  e n t  
t e r 8 i n  i t s  p l a c e ;  th e  a t t a c k i n g  a g e n t  ca n  be e le c tro =  
p h i l i c  ( 8 g ) ,  n u c l e o p h i l i c  ( 8 ^ ) ,  o r  n o n - p o la r  (8 ^ )  a t  
a  s a t u r a t e d  o r  u n s a tu r a t e d  c a rb o n :
B +  ► B:R + A (8 _ )
  B:R + :A (8 ^ )
R;A + "R"   e':A  + E* (8 ^ )
-  A d d i t io n , w h ic h  in v o lv e s  a n  i n c r e a s e  i n  th e  num ber 
o f  g ro u p s  a t t a c h e d  to  c a rb o n ;  i t  to o  c a n  be f u r t h e r  
s u b c l a s s i f i e d  a s  b e f o r e  a c c o r d in g  to  th e  n a t u r e  o f  
th e  r e a g e n t  in v o lv e d .
-  E l im in a t io n  i s  e s s e n t i a l l y  th e  r e v e r s a l  o f  th e  p re =
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v io u s  o n e , im p ly in g  a  d e c re a s e  i n  th e  num ber o f  g ro u p s  
bound to  c a rb o n , and  d e te r m in in g  a n  h ig h e r  d e g re e  o f  
u n s a t u r a t i o n  on th e  s u b s t r a t e .
-  R e a rra n g e m e n ts  ca n  p ro c e e d  e i t h e r  by  m ig r a t io n  o f  a  
f u n c t i o n a l  g ro u p  o r  by r e d i s t r i b u t i o n  o f  th e  com ponen ts 
i n  th e  m o le c u le  s k e l e t o n .
A few  r e a c t i o n s  a r e  a l s o  known, w h ich  seem  to  be 
n e i t h e r  r a d i c a l - l i k e  n o r  p o l a r ,  b u t  m o le c u la r .  Such 
r e a c t i o n s  o c c u r  v i a  c o n t in u o u s  and c i r c u l a r  e l e c t r o n -  
t r a n s f e r ,  and  im p ly  t r a n s i t i o n  th ro u g h  an  in te r m e d ia t e  
c y c l i c  co m p lex .
The m echanim  o f  a  r e a c t i o n  i s  th e  p a th  fo l lo w e d  
by  th e  r e a c t a n t s  a s  th e y  a r e  t r a n s fo rm e d  i n t o  p r o d u c t s ,  
th ro u g h  a  s u c c e s s io n  o f  e le m e n ta ry  s t e p s  i n v o lv in g  f o r=  
m a tio n  o f  t r a n s i e n t s  i n t e r m e d i a t e s ;  i n v e s t i g a t i o n s  o f  
s u c h  p r o c e s s e s  w i l l  a l lo w  to  u n d e r s ta n d  th e  r e l a t i o n  
b e tw e e n  th e  s t r u c t u r e  o f  a  s u b s ta n c e  and i t s  te n d e n c y  
Sso u n d e rg o  t r a n s f o r m a t i o n s  by  one r o u te  o r  a n o t h e r .
The a s s u m p tio n  i s  made t h a t  c a rb o n  may chan g e  i t s  te =  
t r a v a l e n t  s t a t e  d u r in g  r e a c t i o n s .  When th e  r e s u l t  i s  
a  t r i v a l e n t  i n t e r m e d i a t e ,  t h i s  may c o n c e iv a b ly  a r i s e  
i n  one o f  s e v e r a l  d i f f e r e n t  w a y s .
( a )  C om plete  re m o v a l o f  a  b o n d in g  e l e c t r o n  p a i r  l e a v e s
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a  c a rb o n  atom  i n  th e  S£ s t a t e  o f  h y b r i d i s a t i o n ,  w i th  
o n ly  s i x  o f  th e  e i g h t  e l e c t r o n s  t h a t  i t  n o rm a lly  h o l d s .  
The f ra g m e n t c a r r i e s  a  p o s i t i v e  c h a rg e  and i s  known
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a s  ca rb o n iu m  io n  ;
+
R:C:R
R
(b )  Rem oval o f  one e l e c t r o n  o f  th e  b o n d in g  p a i r  l e a v e s  
a  n e u t r a l  r a d i c a l  i n  w h ich  th e  c a rb o n  atom  h o ld s  s e v e n  
e l e c t r o n s  :
R :C :R
R
( c )  I n  th e  r e m a in in g  ty p e  th e  c a rb o n  atom  r e t a i n s  i t s  
o c t e t  o f  e l e c t r o n s ,  b u t  one o f  th e  f o u r  p a i r s  i s  un«  
s h a r e d . T h is  f ra g m e n t b e a r s  a  n e g a t iv e  c h a rg e  and i s  
c a l l e d  c a rb a n io n  :
R :C :R
R
A n o th e r  ty p e  o f  in t e r m e d ia t e  i s  n e u t r a l  and h a s  
o n ly  s i x  e l e c t r o n s  i n  th e  v a le n c y  s h e l l  o f  a  d i v a l e n t  
c a rb o n  atom ; i t  i s  known a s  c a rb e n e ,  and c a n  be fo r=  
m a lly  d e r iv e d  by  rem o v in g  R fro m  a  ca rb o n iu m  io n  :
Erc ' tR ------- ► R'*' + R:C:R
E
A l l  th e s e  f ra g m e n ts  a r e  o f t e n  u n s t a b l e  and t h e i r  f o r=  
m a tio n  i n  r e a c t i o n s  i s  u s u a l l y  t r a n s i e n t  and  so m etim es 
h y p o t h e t i c a l ;  h o w ev e r, s t a b l e  ex am p les  o f  e a c h  s p e c ie s  
a r e  known#
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2 .4  ENERGETICS OP REACTION AND CHEMICAL KINETICS^
O rg a n ic  r e a c t i o n s  p ro c e e d  fro m  r e a c t a n t s  to  p ro =  
d u c t s  th ro u g h  o n e , o r  m ore, t r a n s i t i o n  s t a t e s ,  and may 
in v o lv e  th e  f o r m a t io n  o f  i n t e r m e d i a t e s ;  th e  p r o c e s s  
im p l i e s  a  change i n  th e  e n e r g e t i c  c o n te n t  o f  th e  sy s=  
tern , th e  d i f f e r e n c e  b e in g  th e  f r e e  e n e rg y  o f  r e a c t i o n #
I n t e r m e d i a t e s  d i f f e r  fro m  p r o d u c ts  b e c a u s e  o f  
t h e i r  c o m p a r a t iv e ly  low  s t r u c t u r a l  s t a b i l i t y .  I n s t e a d ,  
th e  t r a n s i t i o n  s t a t e  -  o r  a c t i v a t e d  com plex  -  i s  q u i t e  
d i f f e r e n t ,  r e p r e s e n t i n g  th e  l e s s  s t a b l e  a r ra n g e m e n t o f  
a tom s h a v in g  a  d e f i n i t e  e l e c t r o n i c  and g e o m e t r ic a l  
s t r u c t u r e  w i th  th e  h i g h e s t  p o s s i b l e  f r e e  e n e rg y ,  on 
th e  e n e r g e t i c a l l y  m o st f a v o u r a b le  r o u t e  fro m  th e  in =  
i t i a l  to  th e  f i n a l  s t a t e .  I t  e x i s t s  o n ly  f o r  a  p e r io d  
o f  tim e  co m p arab le  to  t h a t  o f  m o le c u la r  v i b r a t i o n s ,  
and th e  e n rg y  r e q u i r e d  f o r  f f ts  f o r m a t io n  fro m  th e  i n i =  
t i a l  s t a t e  i s  th e  f r e e  e n e rg y  o f  a c t i v a t i o n  o f  th e  
r e a c t i o n ,  r e q u i r e d  to  th e  bond fo rm in g  o r  b r e a k in g  
a s  may be n e c e s s a r y .
Such  an  a p p ro a c h  a l lo w s  an  i n t e r p r e t a t i o n  and so=  
t im e s  a  p r e d i c t i o n  o f  phenom ena r e l a t i n g  to  c h e m ic a l 
r e a c t i v i t y ;  i t  o f f e r s  a  m ethod o f  i n v e s t i g a t i o n  o f  
r e a c t i o n  m ech an ism s, th ro u g h  th e  m easum em ent o f  r e a c t=  
i o n  r a t e s  and  e x a m in a tio n  o f  th e  f a c t o r s  w h ic h  in f l u =  
en ce  them# R e a c t io n  r a t e s  a r e  i n  f a c t  p r o p o r t i o n a l  to
^ L .O .S m ith  and S . J . G r i s t o l ,  " O rg a n ic  C h e m is try " , 
R e in h o ld ,  New Y ork , 1966#
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th e  p r o d u c t  o f  th e  c o n c e n t r a t i o n s  o f  s p e c i e s  t h a t  Com= 
h in e  to  p ro d u c e  th e  p o s t u l a t e d  t r a n s i t i o n  s t a t e  and 
a r e  d e te rm in e d  by th e  f r e e  e n e rg y  d i f f e r e n c e  b e tw een  
them  and th e  t r a n s i t i o n  s t a t e  i t s e l f ,  j u s t  a s  th e  ex= 
t e n t  o f  a  r e a c t i o n  a t  e q u i l i b r iu m  d ep en d s  on th e  f r e e  
e n e rg y  d i f f e r e n c e  b e tw e en  r e a c t a n t s  and p r o d u c t s .
3# ELECTROPHILIC SUBSTITUTION AND ADDITION REACTIONS 
IN BENZENOID SYSTEMS.
3 .1  AROMATIC HYDROCARBONS?’ ^ ’ '^
The a ro m a tic  h y d ro c a rb o n s  c o n s t i t u t e  a n  im p o r ta n t  
c l a s s  o f  c o n ju g a te d  com pounds. T h is  te rm  e x p r e s s e s  th e  
i d e a  t h a t  th e  r e a l  s t a t e  o f  th e  m o le c u le  i s  in te r m e d ia ^  
t e  b e tw e e n  many h y p o t h e t i c a l  s t a t e s ,  w h ic h  do n o t  sep a=  
r a t e l y  have p h y s i c a l  r e a l i t y .  I n  te rm s  o f  v a le n c e -b o n d  
th e o r y ,  th e y  c o n t r i b u t e  to  a  g iv e n  r e s o n a n c e  hybr& ë 
w hose e n e rg y  i s  l e s s  th a n  anyone o f  th e  c o n t r i b u t i n g  
s t r u c t u r e s .
F o r  ex am p le , b en zen e  i s  c o n s id e r e d  to  be a  "hybijÆyî" 
o f  a  num ber o f  f i c t i t i o u s  c a n o n ic a l  s t r u c t u r e s :
e t c .
^G .W .W heland ,"R esonance  i n  O rg a n ic  C h e m is try " , W iley  
New Y o rk , 1 9 5 5 .
L . S t r e i t w i e s e r , J r . , " M o l e c u l a r  O r b i t a l  T heo ry  f o r  
O rg a n ic  C h e m is ts " , W ile y , New Y ork ; 1 9 6 1 .
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A c c o rd in g  to  th e  m o le c u la r  o r b i t a l  d e s c r i p t i o n  o f  ben=  
z e n e , th e  s i x  c a rb o n  atom s a r e  a r r a n g e d  i n  a  p l a n a r
2
h e x a g o n a l r i n g ,  and  e a c h  o f  them  i s  bonded  th ro u g h  £ £  
o r b i t a l s  to  two a d j a c e n t  c a rb o n  atom s and a  h y d ro g e n  
a to m . T h is  l e a v e s  on e a c h  o f  th e  s i x  c a rb o n s ,  one e le c =  
t r o n  i n  a  £  o r b i t a l  a t  r i g h t  a n g le  to  th e  p la n e  o f  th e  
n u c le u s ;  a l l  o f  them  o v e r la p  l a t e r a l l y  w i th  th e  a d ja =  
c e n t  o r b i t a l s ,  to  fo rm  a  c o n t in u o u s  m o le c u la r  o r=  
b i t a l ,  c o n s i s t i n g  o f  a n n u la r  c lo u d s  o f  n e g a t iv e  c h a rg e  
above and  below  th e  p la n e  o f  th e  r i n g .
The m o le c u la r  o r b i t a l  d e s c r i p t i o n  o f  b en zen e  g iv e s  
an  im m ed ia te  i d e a  o f  th e  s o u rc e  o f  i t s  s t a b i l i t y .  N ever=  
t h e l e s s ,  i t  i s  u s u a l l y  e a s i e r  t o  d i s c u s s  t h / r e a c t i o n s  
o f  a ro m a t ic  com pounds i n  te rm s  o f  r e s o n a n c e  s t r u c t u r e s .
The e x t r a  therm odynam ic s t a b i l i t y  o f  b e n z e n e , and 
r e l a t e d  a ro m a tic  compounds:^ c a n  be a s c r ib e d  to  th e  h ig h =  
l y  s im m e t r ic a l  d é l o c a l i s a t i o n  o f  th e s e  iY e l e c t r o n s  , 
w h ic h  c o r r e s p o n d s  to  a  lo w e r in g  o f  th e  i n t e r n a l  e n e rg y  
o f  th e  sy m m etric  s y s te m . C om parison  o f  th e  a c t u a l  in =  
t e r n a l  e n e rg y  o f  c o n ju g a te d  m o le c u le s  w i th  th e  e n e rg y  
o f  th e  c o r r e s p o n d in g  h y p o t h e t i c a l  m o le c u le s  i n  w h ich  
th e  b o n d s a r e  n o t  d e l o c a l i s e d ,  l e d  t o  th e  i d e a  o f  a  
c o n v e n t io n a l  c o m p o s ite  q u a n t i t y  known a s  s t a b i l i s a t i o n  
o r  r e s o n a n c e  e n e r g y . W ith  th e  a ro m a tic  com pounds i t s  
v a lu e  i s  r e l a t i v e l y  l a r g e .  I n  g e n e r a l ,  t h e o r e t i c a l  c a l=  
c u l a t i o n s  n o t  o n ly  a c c o u n t f o r  th e  s t a b i l i s i n g  i n f l u =  
en ce  o f  a  s e x t e t  o f  e l e c t r o n s ,  b u t  p r e d i c t  t h a t  a  r i n g
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o f  sp  atom s w i l l  be p a r t i c u l a r l y  s t a b l e  o n ly  when th e  
num ber o f  e l e c t r o n s  p r e s e n t  i n  th e  v a r i u s  £  o r b i t a l s  
o f  a l l  th e  a tom s o f  th e  r i n g ,  i s  4n+2, w here  n  i s  an  
i n t e g e r  ( H ü c k e l’ s  r u l e  )•
F i n a l l y ,  th e  p h y s ic o -c h e m ic a l  a p p ro a c h  h a s  l e d  to  
d e v e lo p  th e  m odern  c o n c e p t  o f  a r o m a t i c i t y ,  w i th  ben=  
z e n o id  com pounds a s  a  s p e c i a l  c l a s s  -  d e s c r ib e d  a s " a l=  
t e  m a n  t "  -  w hose a to m s c a n  be d iv id e d  i n  two s e t s ,  s u c h  
t h a t  no two mem bers o f  th e  same s e t  a r e  jo in e d  by  a  
b o n d ; th e  u n i f o rm ly  d i s t r i b u t e d  TT e l e c t r o n s  w i l l  n o t  
be a s s o c i a t e d  w i th  th e  f o r m a t io n  o f  t e r m i n a l  c h a r g e s .
3 .2  ELECTROPHILIC AROMATIC SUBSTITUTION?’ ®’ ^
C o n s id e r a t io n  o f  th e  c h a r a c t e r i s t i c  p r o p e r t i e s  
i n  common f o r  a ro m a tic  com pounds g iv e s  a  q u a n t i t a t i v e  
b a s i s  f o r  c o r r e l a t i n g  t h e i r  s t r u c t u r e  w i th  th e  r e a c =  
t i v i t y ,  o r  l a c k  o f  i t .
The n e g a t iv e  c h a rg e  above and below  th e  p la n e  o f  
th e  r i n g - c a r b o n  atom s p ro m o te s  a t t a c k  by  e l e c t r o n  de= 
f i c i e n t  s p e c i e s  ( e l e c t r o p h i l i c  r e a g e n t s ) ,  and t h i s  k in d  
o f  i n t e r a c t i o n  may g iv e  p r o d u c ts  o f  a d d i t i o n ,  s u b s t i=  
t u t i o n ,  o r  a  c o m p e t i t io n  b e tw e en  th e  t% o.
The f i r s t  co n seq u en c e  o f  th e  c o n s id e r a b le  s t a b i =
8 de l a  Mare and  J .H .  R id d ," A ro m a tic  S u b s t i t u t i o n .  
N i t r a t i o n  and H a lo g é n a t io n " , B u t te r w o r th s ,  L ondon, 1959#
Q
R .O .C .N orm an and  R .T a y l o r , " E l e c t r o p h i l i c  S u b s t i t u t i o n  
i n  B en zen o id  C om pounds", E l s e v i e r ,  A m sterdam , 1 9 6 5 .
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l i z a t i o n  e n e rg y  i s  t h a t  s u b s t i t u t i o n  r e a c t i o n s  a r e  mo= 
r e  l i k e l y  to  o c c u r  when th e  f o r m a t io n  o f  a n  in te rm e d ia =  
t e  in v o lv e s  a  l a r g e  sym m etry and e n e rg y  r e d u e t i o n , w h i l s t  
a d d i t i o n  w i l l  be f a v o u re d  i f  th e  c o r r e s p o n d in g  l o s s  i s  
c o m p a ra t iv e ly  s m a l l .  The c o u r s e  o f  th e  r e a c t i o n  w il] /6 e  
in f lu e n c e d  by th e  c o n d i t i o n s  im m e d ia te ly  s u r ro u n d in g  
th e  a tom s in v o lv e d ;  th e  n a t u r e  o f  th e  s o l v e n t ,  th e  o th =  
e r  s u b s t i t u e n t s  on th e  c a rb o n  atom s and th e  t e m p e r a tu r e . 
E x p e r im e n ta l  e v id e n c e  f o r  th e  m echanism  c a n  be d e r iv e d  
fro m  th e  o b s e r v a t io n  o f  th e  e f f e c t  o f  ch a n g e s  i n  th e s e  
c o n d i t io n s  on  th e  r a t e s  and p r o d u c ts  o f  r e a c t i o n s .  
F u r th e rm o re , th e  s t a t e  o f  h y b r i d i s a t i o n  o f  th e  n e ig h =  
h o u r in g  c a rb o n  c o n t r o l s  th e  p o s s i b i l i t i e s  f o r  d e lo =  
c a l i z a t i o n  o f  th e  e l e c t r o n s  and  t h e r e f o r e  th e  e n e rg y  
b a r r i e r  to  a  change o f  c o n f i g u r a t i o n  o f  th e  u n s a tu r a =  
te d  c e n t r e .
A ro m atic  s u b s t i t u t i o n  r e a c t i o n s  can  be d i s t i n =  
g u is h e d  a c c o r d in g  to  th e  n a t u r e  o f  th e  a t t a c k i n g  re a =  
g e n t s ,  w h ic h  c a n  a c t  a s  e i t h e r  f r e e  r a d i c a l s  o r  n u c le o =  
p h i l i c  and e l e c t r o p h i l i c  s p e c i e s .
E l e c t r o p h i l i c  s u b s t i t u t i o n  i n  a ro m a tic  sy s te m s  
ca n  be g e n e r a l i z e d  a s  f o l lo w s  :
Ar-X  4- Y ( o r  Y -Z) ----- ► Ar-Y  + X ( o r  X-Z)
w here  Y may o r  may n o t  c a r r y  a  fo rm a l  p o s i t i v e  c h a r g e .
T h is  r e a c t i o n  i s  a c c o m p lish e d  th ro u g h  d i f f e r e n t  
p o s s i b l e  r e a c t i o n  p a t h s ;  among them  th e  m o st s tu d i e d
i s  th e  s o - c a l l e d  S 2 m echan ism , and th e  s i t u a t i o n  i nJci
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w h ich  X = H and Y /  H c o n s t i t u t e s  th e  k in d  o f  s u b s t i=  
t u t i o n  o f  w id e s t  a p p l i c a b i l i t y ,  i n c lu d in g  n i t r a t i o n ,  
s y lp h o n a t io n ,  h a l o g é n a t io n ,  and P r i e d e l - C r a f t s  r e a c t i o n s .
The r e a g e n t  Y ( o r  Y-Z) may be an y  o f  a  l a r g e  num ber o f  
s p e c i e s  some o f  w h ich  a r e  c a t i o n s  su c h  a s  NO^ , Ar-N^ , 
e t c . ,  and o th e r  o f  w h ich  a r e  c o v a le n t  s p e c i e s  s jic h  a s  
0 1 ^ , and SO^ .
The two e l e c t r o n s  fo rm in g  th e  c o v a le n t  bond b e tw een  
th e  a ro m a tic  compound and th e  r e a g e n t  a r e  b o th  s u p p l i e d  
by th e  f o rm e r .  T h is  may be i l l u s t r a t e d  by th e  r e a c t i o n  
o f  m o le c u la r  c h l o r in e  w i th  a  b en zen e  r i n g ,  th e  fo rm e r  
b e h a v in g  a s  an  e l e c t r o p h i l e  b e c a u se  o f  th e  a b i l i t y  o f  
one o f  i t s  a tom s to  be d i s p l a c e d  a s  c h l o r id e  io n  :
   A r-C l + HCl
3 .3  MECHANISM OP ELECTRGPHILIC AROMATIC SUBSTITOTION^,9 ,3 6 ,1 1  
T here  a r e  two w ays i n  w h ich  a  b e n z e n o id  com= 
pound m ig h t r e a c t  w i th  an  e l e c t r o p h i l e  :
( a )  By a  sy n c h ro n o u s  f o r m a t io n  o f  th e  C-Y bond ( Y = 
e l e c t r o p h i l e )  and c le a v a g e  o f  th e  C-H b o n d . I n  th e  
t r a n s i t i o n  s t a t e  b o th  in c o m in g  and l e a v in g  g ro u p s  w ould  
be p a r t i a l l y  bonded  to  th e  n u c l e u s .
(b )  By a d d i t i o n  o f  th e  e l e c t r o p h i l e  to  th e  n u c le u s  f o l=  
low ed by l o s s  o f  a  p r o to n  fro m  th e  a d d u c t ,  an  in te rm e =  
d i a t e  ( I  ) b e in g  fo rm ed  :
^ ^ J .H in e ," P h y s i c a l  O rg a n ic  C h e m is t ry " , M cG raw -H ill, New
Y ork , 1962 (2nd  E d . ) .
E .B e r l i n e r  i n  V .G -oli( 
g a n ic  C i ie m is try " ,V o l .3 f  A cadem ic P re ss ,N ew  Y o rk ,1 9 6 5 .
r l i  i  . l i E d . ) , ”A dvances i n  P h y s ic a l  Or=
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H y
( I  )
I n  a l l  c a s e s  f o r  w h ich  enough  e v id e n c e  i s  a v a i l a b l e  
to  d i s t i n g u i s h  b e tw e en  ( a )  and ( b ) ,  th e  r e a c t i o n  i s  
known to  f o l lo w  th e  l a t t e r  p a t h .
I t  h a s  b e e n  fo u n d  t h a t  th e  f i r s t  p h a se  o f  r e a c t i o n  
in v o lv e s  i n t e r a c t i o n  b e tw e en  th e  a p p ro a c h in g  e l e c t r o =  
p h i l e  and th e  d e l o c a l i z e d  iY  o r b i t a l s ,  t o  fo rm  a  s o -  
c a l l e d  T Y -com plex , by  a  lo o s e  a s s o c i a t i o n  o f  th e  
r e a c t a n t s  i n  w h ich  th e  c o m p lex in g  a g e n t  i s  n o t  lo c a =  
l i z e d  a t  a  p a r t u c u l a r  c a rb o n  atom  o f  th e  a ro m a t ic  r i n g  
b u t  i s  h e ld  n e a r  t o  th e  T / - e l e c t r o n s  c lo u d .  I t  i s ,  
t h e r e f o r e ,  c u s to m a ry  to  r e p r e s e n t  TY -com plexes by s tru c =  
t a r e s  su c h  a s  ( I I ) ,  th e  d i r e c t i o n  o f  th e  a rro w  in d ic a =  
t i n g  t h a t  th e  a r o m a t ic  r i n g  i s  e l e c t r o n - d o n a t i n g ,  and 
i t s  p o s i t i o n  r e l a t i v e  t o  i t  i n d i c a t i n g  t h a t  th e  bond 
i s  n o t  l o c a l i z e d :
^  Y ( o r  Y-Z) ( I I  )
The n e x t  s t e p  c o n s i s t s  o f  f o rm a t io n  o f  a  (F-com =
p le x  ( l ) .  Such a  p r o c e s s  im p l ie s  rem o v a l o f  two lY -e =  
l e c t r o n s  fro m  th e  a ro m a t ic  sy s te m  and t h e i r  i s o l a t i o n  
a t  one c a rb o n  atom  o f  th e  n u c le u s ,  th u s  c h a n g in g  to  an
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sp  h y b r id i s e d  t e t r a h e d r a l  c o n f i g u r a t i o n ;  on i t  th e  
e l e c t r o p h i l e  becom es a c t u a l l y  b o n d ed , th e  c o v a le n t  p  
p a i r  b e in g  s u p p l i e d  by th e  fo rm e r :  a  te m p o ra ry  e l e c t  
t r o n  d e f i c i e n c y  r e s u l t s ,  w h ic h  i s  acco m o d a ted  i n  th e  
* T K -o rb ita ls  o f  th e  r e s i d u a l  a ro m a t ic  s y s te m .
The r e a c t i o n  i s  th e n  c o m p le te d  by re m o v a l o f  a  
p r o to n  fro m  th e  -c o m p le x ; th e  c o m p le te ly  d e l o c a l i z e d  
Tf o r b i t a l s  a r e  r e g a in e d  i n  th e  f i n a l  p r o d u c t  and th e  
c h a r a c t e r i s t i c  a r o m a t ic  s t a b i l i t y  i s  r e c o v e r e d .
The g a in  i n  s t a b i l i s a t i o n  h e lp s  to  p ro v id e  th e  e n e rg y  
r e q u i r e d  to  b r e a k  th e  s t r o n g  C-H bond and e x p e l  a  p ro =  
to n .
The m o st g e n e r a l  r e p r e s e n t a t i o n  o f  th e  e n e r g e t i c  
p r o f i l e  o f  an  a ro m a t ic  s u b s t i t u t i o n ,  i n  w h ic h  th e  
t r a n s i t i o n  s t a t e  on th e  r a t e  d e te r m in in g  s t e p  resôm = 
b l e s  th e  (T co m p lex , i s  shown i n  F ig .  1 .
1 and 5 : iY -c o m p le x e s
2 and 4 : t r a n s i t i o n
s t a t e s
3 : (y -c o m p le x
R e a c t io n  c o - o r d in a te
-  F ig u re  1 -
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B ecau se  o f  th e  u n c e r t a i n t y  ahou$  th e  s t r u c t u r e  o f  th e  
t r a n s i t i o n  s t a t e ,  i t  i s  c o n v e n ie n t  t o  u s e  th e  <s^com= 
p l e x  a s  a  s i m p l i f i e d  m odel f o r  i t ,  b e a r i n g  i n  mind t h a t  
th e y  d i f f e r  i n  t h a t  th e  new b o n d , f u l l y  fo rm ed  i n  
th e  i n t e r m e d i a t e ,  h a s  n o t  b e e n  c o m p le te ly  d e v e lo p e d  i n  
th e  t r a h s i t i o n  s t a t e ,  t h e  ^ - e l e c t r o n  s y s te m  b e i n g  n o t  
y e t  c o m p le te ly  r e o r g a n i z e d .  I t  may be t h e n  r e p r e s e n t e d  
a s  i n  ( I I I )  ;
( I I I )
A n o th e r  m echan ism , S^2 * , h a s  b e e n  v e r i f i e d  w i t h  
s u b s t r a t e s  h a v in g  a  p a r t i c u l a r  s t r u c t u r e ;  some p o ly =  
a l k y l b e n z e n e 8 a r e  known to  g iv e  s i d e - c h a i n  s u b s t i t u =  
t i o n  p r o d u c t s  by t h i s  se q u e n c e  :
C C l
3 Cl2
CH3 -01 H c
H.
H.
01
CH.
CHgCl
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A t h i r d  p o s s i b i l i t y  i s  r e p r e s e n t e d  by  a n  " a d d i t i o n -  
e l i m i n a t i o n "  m echan ism ; i n  t h i s  c a s e  one o f  th e  aroma= 
t i c  d o u b le  b o n d s  i s  s a t u r a t e d  by an  e l e c t r o p h i l i c  and 
a  n u c l e o p h i l i c  g ro u p ;  th e  r e s u l t i n g  a d d i t i o n  p r o d u c t  
t h e n  u n d e r g o e s  e l i m i n a t i o n  i n  th e  f i n a l  s ta g e *
3 .4  EPPECT OP SUBSTITUENTS ON REACTIVITY AND 
ORIENTATION.»^»^
A s u b s t i t u e n t  a l r e a d y  p r e s e n t  i n  a n  a r o m a t ic  nu= 
c l e u s  n o t  o n ly  a f f e c t s  i t s  r e a c t i v i t y  to w a rd s  f u r t h e r  
e l e c t r o p h i l i c  a t t a c k ,  b u t  a l s o  d e t e r m in e s  w h a t  p o s i t i o n  
th e  new s u b s t i t u e n t  s h a l l  e n t e r .
The r a t e  o f  s u b s t i t u t i o n  a t  anyone p o s i t i o n  de= 
p en d s  on th e  a c t i v a t i o n  e n e rg y  b a r r i e r  ( b e tw e e n
r e a c t a n t s  and  p ro d u c t#  Any e f f e c t  c a p a b le  o f  l o w e r in g  
A h*  w i l l  i n c r e a s e  th e  r a t e  o f  s u b s t i t u t i o n .  N o rm a lly ,  
s u c h  e f f e c t s  a r e  o f  a  k in d  w h ic h  w i l l  a l s o  s t a b i l i s e  
th e  c a rb o n iu m  i o n i c  i n t e r m e d i a t e  ( I ) .
An e l e c t r o n - a t t r a c t i n g  g ro u p  e x e r t s  an  i n d u c t i v e  
e l e c t r o s t a t i c  e f f e c t  ( - l )  s u c h  a s  t o  f u r t h e r  d e c r e a s e  
th e  e l e c t r o n  d e n s i t y  o f  a  p o s i t i v e l y  c h a rg e d  in te rm e =  
d i a t e ,  w h i le  a n  e l e c t r o n - d o n a t i n g  g ro u p  ( + l )  h a s  th e  
o p p o s i t e  e f f e c t .
I f  a n  e l e c t r o n - a t t r a c t i n g  s u b s t i t u e n t  i s  p r e s e n t ,  
t h e  r e s u l t i n g  h y b r id  s t r u c t u r e  f o r  t h e  i n t e r m e d i a t e  
shows a t  once t h a t  th e  change o f  e l e c t r o n  d e n s i t y  p ro =  
duced  i n  th e  r i n g  i s  u n f a v o u r a b l e :  a l t h o u g h  th e  g ro u p
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w ith d ra w s  e l e c t r o n s  f ro m  a l l  p o s i t i o n s  i t  d o e s  so  m o s t ly  
f ro m  th e  atom  n e a r e s t  i t ,  and  h e n c e  t h i s  c a rb o n  a tom , 
a l r e a d y  f o r m a l l y  p o s i t i v e ,  h a s  l i t t l e  t e n d e n c y  t o  ac=  
com odate th e  p o s i t i v e  c h a rg e  o f  th e  ca rb o n iu m  i o n , p a r =  
t i c u l a r l y  f o r  s u b s t i t u t i o n  a t  th e  o r th o  and p a r a  p o s i=  
t i o n s .  T h is  l e a d s  t o  m e ta - o r i e n t a t i o n  w i t h  r i n g  deac=  
t i v a t i o n #
R
o r th o me t a
The a c t i v a t i n g  and o r t h o , p a r a - o r i e n t i n g  i n f l u e n c e  
o f  e l e c t r o n - r e l e a s i n g  g ro u p s  c a n  a l s o  be r a t i o n a l i s e d  
on th e  same b a s i s .  The s u b s t i t u t i o n  i n t e r m e d i a t e  i s  
s t a b i l i s e d  by  th e  +I e f f e c t ,  p a r t i a l l y  c o m p e n s a t in g  
f o r  i t s  p o s i t i v e  c h a r g e .  F u r th e r m o r e , t h e  s t a b i l i s a t i o n  
i s  m o s t e f f e c t i v e  An o r th o  and p a r a  p o s i t i o n s  w here  
p a r t  o f  t h e  p o s i t i v e  c h a rg e  i s  a d j a c e n t  t o  th e  g ro u p  
i t s e l f ,
I n  a d d i t i o n  t o  th e  i n d u c t i v e  o n e s ,  c o n j u g a t i v e  
e f f e c t s  a r e  f r e q u e n t l y  a  d e c i s i v e  f a c t o r  i n  o r i e n t a t i o n ,  
e s p e c i a l l y  f o r  s u b s t i t u e n t s  c a r r y i n g  u n s h a r e d  e l e c t r o n  
p a i r s  on th e  atom  a t t a c k e d  t o  th e  r i n g .  T h is  s i t u a t i o n  
h e l p s  t o  s t a b i l i s e  th e  p o s i t i v e  c h a rg e  o f  th e  in te rm e =  
d i a t e ,  a s  th e  r e s o n a n c e  fo rm s  below  i n d i c a t e  f o r  o r th o
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and p a r a  s u b s t i t u t i o n
o r th o
p a r a
H y
W hether  s u b s t i t u t i o n  p r o c e e d s  w i t h  a c t i v a t i o n  o r  deac=  
t i v a t i o n  w i l l  dep en d  on th e  s t r e n g t h  o f  th e  i n d u c t i v e  
e f f e c t  on t h e  s u b s t i t u e n t .  F o r  ex a m p le , h a lo g e n  g ro u p s  
a r e  s t r o n g l y  e l e c t r o n e g a t i v e  and d e a c t i v a t e  th e  r i n g  
a t  a l l  p o s i t i o n s ;  y e t  th e y  s t r o n g h l y  o r i e n t  i n  o r th o  
and p a r a  th r o u g h  c o n j u g a t i o n ,  b e c a u s e  t h e  - I  e f f e c t  i s  
s t r o n g  enough  t o  r e d u c e  th e  o v e r a l l  r e a c t i v i t y ,  b u t  
n o t  s e l e c t i v e  en ough  to  d e te r m in e  t h e  o r i e n t a t i o n .  F o r  
o t h e r  g r o u p s ,  s u c h  a s  and  -NHR, th e  i n d u c t i v e  e f=
f e e t  i s  c o m p le te ly  overshadow ed  by  th e  c o n j u g a t i v e  e f=  
f e e t ;  t h e r e f o r e ,  s u b s t i t u t i o n  p r o c e e d s  w i t h  o , £ - o r i e n =  
t a t i o n  and a c t i v a t i o n .
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The e f f e c t  o f  s im p le  s u b s t i t u e n t s  may be c l a s s i =  
f i e d  on th e  b a s i s  o f  th e  p r e v i o u s  d i c u s s i o n , a s  i n  Ta= 
bb I  .
T a b le  I O r i e n t a t i o n  and R e a c t i v i t y  E f f e c t s  o f  R in g  
S u b s t i t u e n t s  •
S u b s t i t u e n t
ty p e
A c t i v a t i n g
i n f l u e n c e
O r i e n t i n g
i n f l u e n c e Group
+ I -f o ,P a l k y l  g ro u p s *
+ I ,  i  M + o ,P a r y l  g ro u p s
+ I ,  -f M 4- o ,P - 0 ^
-  I ,  +M
+ o ,p -NRg, -NH-CO-CH^, -OR
— o ,p -C l,-B r,-C H =C H -R O ^
-  I - m - M e ^
-  I ,  ~M m -NOg, -ON, -C C l^ ,  
-COOH, -SOgOH, -COR, 
-OHO
^ H y p e r c o n ju g a t io n  g i v e s  t h e s e  g ro u p s  a l s o  some +M 
c h a r a c t e r .
T h ere  a r e  f u r t h e r  f a c t o r s  o f  im p o r ta n c e  i n  e l e c =  
t r o p h i l i c  s u b s t i t u t i o n .  F o r  e x a m p le ,  some s i g n i f i c a n t  
d i f f e r e n c e s  i n  r e a c t i v i t y  c a n  be a t t r i b u t e d  t o  a  s t e r i c  
e f f e c t  a f f e c t& n g  th e  o r th o  p o s i t i o n  o f  any  s u b s t i t u t e d  
b e n z e n e ,  w here  a t t a c k  w i l l  be h in d e r e d  i f  e i t h e r  th e  
s u b s t i t u e n t  o r  th e  s i z e  o f  th e  s u b s t i t u t i n g  a g e n t  a r e  
l a r g e .  F u r th e r m o r e , t h e  more r e a c t i v e  s u b s t i t u t i n g
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+ +a g e n t s , e . g . ,  NO^ and B r  , a r e  l e s s  i n f l u e n c e d  by 
s u b s t i t u e n t  e f f e c t s ,  and i t  i s  r e a s o n a b l e  t o  su p p o se  
t h a t  an  i n f i n i t e l y  r e a c t i v e  e l e c t r o p h i l e  w ould  g iv e  
th e  s t a t i s t i c a l  2 : 1  r a t i o  o f  m:2 - s u b s t i t u t i o n .
F i n a l l y ,  t h e r e  m u st be some a c t i v a t i n g  e f f e c t  o f  
a  m e th y l  s u b s t i t u e n t  o t h e r  t h a n  i t s  i n d u c t i v e  e f f e c t ,  
i n v o l v i n g  th e  e l e c t r o n s  o f  th e  C-H bon d s  ( h y p e rc o n ju g a =  
t i o n ) .  T hus, t h e  f a c t  t h a t  t o l u e n e  i s  p a r t i c u l a r l y  
r e a c t i v e  to w a rd s  m o l e c u l a r  c h l o r i n a t i o n  and  b r o m in a t io n  
ca n  be e x p l a i n e d  a s  b e i n g  due t o  c o n t r i b u t i o n s  o f  r e =  
so n a n ce  s t r u c t u r e s  o f  t h e  ty p e  shown:
H CH
The e f f e c t  i s  t o  make th e  a l k y l  s u b s t i t u e n t  a n  e l e c t ro n *  
p a i r  d o n a t i n g  g ro u p ,  l i k e  t h e  -OR and -NR^ g r o u p s .
3 .5  ADDITION REACTIONS IN BENZENOID SYSTEMS^’^ ’ ^
I n  a  p o l a r  e n v i ro n m e n t ,  m o n o c y c l ic  a r o m a t i c  com= 
p ounds  u n d e rg o  h e t e r o l y t i c  s u b s t i t u t i o n  when a t t a c k e d  
by e l e c t r o p h i l e s ,  e v e n  i n  p r e s e n c e  o f  a  p o t e n t i a l l y  
e f f e c t i v e  n u c l e o p h i l e  a g e n t ,  and  a r e  r a t h e r  i n e r t  t o  
a d d i t i o n ;  by f o rm in g  a&dbztlaR s u b s t i t u t i o n  p r o d u c t s ,
^ ^ F .B .B .  de l a  Mare and  R . B o l t o n , " E l e c t r o p h i l i c  Addi= 
t i o n s  t o  U n s a t u r a t e d  S y s te m s " , E l s e v i e r ,A m s te r d a m ,1966
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t h e  the rm odynam ic  s t a b i l i t y  o f  th e  s t a r t i n g  m a t e r i a l  
ca n  be m an ta i n e d i n s t e a d  o f  b e i n g  l o s t ,  f o r  a n  a d d i=  
t i o n  r e a c t i o n  i n v o l v e s  g r e a t e r  l o s s  o f  s t a b i l i s i n g  
e n e rg y  o f  th e  r e s i d u e .
S y s te m s ,  h o w ev e r ,  i n  w h ic h  two o r  more b en z en e  
r i n g s  a r e  f u s e d  t o g e t h e r  th r o u g h  o r t h o - c a r b o n  atom s 
a r e  o f t e n  q u i t e  s u s c e p t i b l e  t o  a d d i t i o n .  A lth o u g h  
n a p h t h a l e n e ,  p h e n a n t h r e n e , and a n t h r a c e n e  r e s e m b le  
b e n z e n e  i n  many r e s p e c t s ,  t h e y  have  g r e a t e r  a r o m a t ic  
s t a b i l i t y  and  a r e  more r e a c t i v e  t h a n  b en z en e  i n  b o th  
s u b s t i t u t i o n  and a d d i t i o n  r e a c t i o n s .
The in te r d e p e n d e n c e  o f  th e  b e n z e n o id  r e s o n a n c e  
o f  i n d i v i d u a l  r i n g s  c a u s e s  th e  o v e r a l l  s t a b i l i s a t i o n  
e n e rg y  o f  s u c h  compounds t o  be lo w e r  t h a n  t h a t  o f  th e  
Sum o f  an  e q u a l  num ber o f  s e p a r a t e  r i n g s .  The l o s s  o f  
s t a b i l i z a t i o n  due t o  a d d i t i o n  i s ,  t h e r e f o r e ,  s m a l l e r  
t h a n  An th e  c a s e  o f  b e n z e n e ,  and a d d i t i o n  becom es a  
p o s s i b l e  a l t e r n a t i v e  r e a c t i o n  p a t h ,  i t s  e n e rg y  r e =  
q u i r e m e n ts  c o m p a r in g  f a v o u r a b l y  w i t h  th o s e  f o r  s u b s t i =  
t u t i o n .  The r e l a t i v e  e a s e  o f  a d d i c t i o n  c a n  be p r e d i c t e d ,  
c a l c u l a t i n g  th e  l o s s  i n  s t a b i l i z a t i o n  e n e rg y  f o r  th e  
f i r s t  ste@ i n  e l e c t r o p h i l i c  s u b s t i t u t i o n  o r  a d d i t i o n :
"^Benzene (36 k c l /m o le  ) G y c lo h e x a - 1 ,3- d i e n e (2 ) = 34 k c l /m o le  
N a p h th a le n e  (61 " --► -Styrene (3 8 )  = 23 "
P h e n a n t h r e n e (92 ” ) ~ ► 2 B en zen es  (7 2 )  = 20 "
A n th ra c e n e  (84 " ) —► 2 B en zen es  (7 2 )  = 12 "
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I t s  v a l u e  d e c r e a s e s  p r o g r e s s i v e l y ,  i n d i c a t i n g  t h a t  t h e  
h i g h e r  t h e  h y d r o c a r b o n ,  th e  more im p o r t a n t  becom es th e  
therm odynam ic  s t a b i l i t y  o f  i t s  a d d u c t  r e l a t i v e  t o  th e  
p r o d u c t  o f  s u b s t i t u t i o n .
The a d d i t i o n  t o  u n s a t u r a t e d  s u b s t r a t e s  may a l s o  
be p h o t o c h e m i c a l ly  p ro m o te d ;  t h e s e  p r o c e s s e s ,  a s  t h e y  
h ig h  quantum  e f f i c i e n c y  show s, a r e  an  h e m o ly t i c  c h a i n  
r e a c t i o n .
3 .6  MECHANISM AND 8TEEE0CHEMISTHY OF ADDITION
REACTIONS^^»^^’ ^^
S u b s t i t u t i o n  and a d d i t i o n  p r o d u c t s  c a n  be o b ta in e d  
f ro m  th e  same i n t e r m e d i a t e  s t a t e  i n  d i f f e r e n t  p ro p o r=  
t i o n s  a c c o r d i n g  t o  t h e  n a t u r e  o f  th e  a r o m a t i c  s y s te m  
and th e  r e a g e n t s  i n v o l v e d .
B o th  r e a c t i o n s  r e q u i r e  f i r s t  t h e  t r a n s f e r  o f  a  
p o s i t i v e  c h a rg e  f ro m  p o l a r i z e d  e l e c t r o p h i l i c  r e a g e n t  
t o  th e  a r o m a t ic  s u b s t r a t e ,  and t h e n  th e  b r e a k i n g  o f  
a  bond  t o  g iv e  a  n u c l e o p h i l i c  i o n .
The f o r m a t i o n  o f  a d d u c t s  i s  c o n s i s t e n t  w i t h  th e  
v ie w  t h a t  th e  o r d i n a r y  s u b s t i t u t i o n  p r o c e e d s  t h r o u ^  
an  i n t e r m e d i a t e  o f  th e  c a r b o n iu m - io n  t y p e ,  w h ic h  l o s e s  
th e  p o s i t i v e  c h a rg e  i n  th e  fo rm  o f  a  p r o t o n ;  a^d  t h a t  
t h i s  i n t e r m e d i a t e  g i v e s  p r o d u c t s  o f  a d d i t i o n  by  an
S .D e w a r , " E l e c t r o n i c  T h eo ry  o f  O rg a n ic  C h e m is t ry " ,  
O xfo rd  U n iv .  P r e s s , O x f o r d , 1949#
^ ^ P .B .D . de l a  M are , "R e a rra n g e m e n t  o f  A l l y l i e  Compounds” 
i n  " M o le c u la r  R e a r r a n g e m e n t s " , P . de Mayo ( E d . ) , I n t e r =  
sc ie n c e ,N e w  Y o rk ,1 9 6 3 .
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a l t e r n a t i v e  p r o c e s s  i n  w h ich  th e  n u c l e o p h i l e  i s  cap= 
t u r e d .
A lth o u g h  i t  i s  c e r t a i n  t h a t  t h e r e  a r e  a t  l e a s t  
two s t e p s  i n  t h e  c o u r s e  o f  e l e c t r o p h i l i c  a d d i t i o n ,  no 
d e t a i l e d  m echanism  i s  g e n e r a l l y  a p p l i c a b l e  t o  a l l  t h e  
r e a c t i o n s  so  f a r  i n v e s t i g a t e d .  S e v e r a l  t h e o r i e s  have 
b e e n  p u t  f o rw a r d  e v e n  i n  r e g a r d  t o  a  s i n g l e  r e a c t i o n ,  
s u c h  a s  th e  a d d i t i o n  o f  h a l o g e n s ,  w h ic h  i t s e l f  seem s 
t o  i n v o lv e  a  v a r i e t y  o f  p o s s i b l e  i n t e r m e d i a t e s  and 
t r a n s i t i o n  s t a t e s .
The o b s e rv e d  d ep en d en ce  o f  r e a c t i v i t y  on s u b s t i =  
t u e n t s  and  s t r u c t u r e s  i s  c o n s i s t e n t  w i t h  th e  t h e o r y  
t h a t  e l e c t r o p h i l i c  a t t a c k  i s  th e  r a t e - d e t e r m i n i n g  s t e p  
i n  t h e  o v e r a l l  a d d i t i o n  p r o c e s s ;  e l e c t r o n  a c c e s s i o n  to  
t h e  u n s a t u r a t e d  c e n t r e  i n c r e a s e s  and e l e c t ro n - w i th d r a w =  
i n g  s u b s t i t u e n t s  d e c r e a s e  t h e  r a t e  o f  t h i s  k in d  o f  r e =  
a c t i o n .
I t  i s  g e n e r a l l y  a c c e p te d  t h a t  th e  i n t e r m e d i a t e  
i n v o lv e d  c o n t a i n s  a  m o le c u le  o f  h a lo g e n ,  b u t  i t  i s  n o t  
c e r t a i n  w h e th e r  th e  i n t e r h a l o g e n  bond i s  b ro k e n  i n  th e  
f i r s t  s t a g e  o f  th e  p r o c e s s .  S e v e r a l  s t r u c t u r e s  have 
b e e n  p ro p o s e d  f o r  s u c h  i n t e r m e d i a t e s :
( a )  An h a lo g e n o n iu m  i n t e r m e d i a t e  was s u g g e s t e d ,  m a in ly  
t o  a c c o u n t  f o r  t r a n s - a d d i t i o n  ( s e e  l a t e r )  :
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I t  was assum ed t h a t  th e  h a lo g e n  c a t i o n ,  , b e i n g  i s o =  
e l e c t r o n i c  w i t h  t h e  oxygen  f a m i l y ,  shows a  v a l e n c e  o f  
two and fo rm s  a  s t r u c t u r e  o f  th e  e t h y l e n e  o x id e  t y p e .  
The a p p ro a c h  o f  th e  n u c l e o p h i l e  i s  t h e n  f ro m  th e  s i d e  
o p p o s i t e  t o  th e  a l r e a d y  p r e s e n t  X a tom , t o  g iv e  t r a n s  
a d d u c t s  o n ly .
(b )  The i d e a  o f  a  TT'-complex was a l s o  i n t r o d u c e d ,  th e  
a v a i l a b l e  T f - o r b i t a l  b e i n g  t h o u g h t  t o  be u s e d  to  fo rm  
a  d a t i v e  bond by i n t e r a c t i o n  w i t h  t h e  em pty v a l e n c e  
o r b i t a l  o f  t h e  a c c e p t o r  X^; i f  t h e  l a t t e r  h a s  u n s h a r e d  
e l e c t r o n s ,  t h e s e  c a n  fo rm  a  r e v e r s e  d a t i v e  bond to  th e  
u n s a t u r a t e d  c e n t r e . A d o u b le  bond i n v o l v i n g  th e  IT - o r =  
b i t a l s  o f  two opp o sed  d a t i v e  b o n d s  i s  t h u s  fo rm e d :
c::
T h is  s t r u c t u r e  d i f f e r s  f ro m  th e  p r e v i o u s  one o n ly  i n  
th e  s t a t e  o f  h y b r i d i s a t i o n  o f  th e  c a rb o n  a to m s ,  s i n c e  
th e  c h a r a c t e r  o f  d o u b le  bond b e tw e e n  them  i s  o n ly  
p a r t i a l .
( c )  A l t e r n a t i v e  s t r u c t u r e s  f o r  th e  i n t e r m e d i a t e s  i n v o l=  
v ed  i n  th e  p r o d u c t - d e t e r m i n i n g  s t e p  have  b e e n  s u g g e s t e d ,  
a s  f o l l o w s  :
0 y
✓
X"" X x^
X
y
y
X
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( d )  A ■ t r a n s i t io n  s t a t e  h a v in g  c a rb o n iu m  i o n i c  c h a r a c t e r  
i s  e x p e c te d  t o  be i m p o r t a n t  when e l e c t r o n  r e p e l l i n g  
s u b s t i - t u e n t s  on a  g iv e n  s u b s t r a t e  may s t a b i l i z e  i t ,  and  
w here  c i s - a d d i t i o n  p r o d u c t s  a r e  o b ta in e d  ( s e e  l a t e r )  ;
X~ X
* j/
y  ' v
An i o n - p a i r  may be s i g n i f i c a n t  i n  n o n - p o l a r  s o l v e n t s  
i n  w h ic h  th e  d i s s o c i a t i n g  pow er o f  th e  s o l v e n t  i s  lo w .
The s t e r e o c h e m i s t r y  o f  t h e  a d d i t i o n  p r o d u c t s  h a s  
b e e n  s t u d i e d  i n  d e t a i l ;  i n  many i n s t a n c e s ,  b o t h  c i s -  
TO*, and t r a n s - i s o m e r s  o f  th e  s a t u r a t e d  d i h a l i d e  u s u a l=  
l y  fo rm ed  have b e e n  r e p o r t e d .  B u t no g e n e r a l  c o n c l u s i o n  
c a n  be draw n r e l a t i n g  th e  r e a c t i o n  p a t h  and m echanism  
o f  a d d i t i o n  t o  t h e  n a t u r e  o f  t h e  s u b s t r a t e .  The p ro p o r=  
t i o n  o f  t h e  o b t a i n e d  s t e r e o i s o m e r s  i s  fo u n d  t o  depend  
n o t  o n ly  on th e  e n v i ro n m e n t  b u t  a l s o  on th e  s t e r e o c h e =  
m i8 t r y  o f  th e  s t a r t i n g  h y d r o c a r b o n ,  and  a  num ber o f  
r o u t e s  by  w h ic h  e l e c t r o p h i l e s  c a n  g iv e  c i s -  and t r a n s -  
a d d u c t s  c a n  be r e c o g n i z e d .  F o r  t h e  f o rm e r  th e y  in v o lv e  
e i t h e r  s t r e o s p e c i f i c  i n t e r n a l  c a p t u r e  o f  th e  h a lo g e n  
w i t h i n  a  com plex  o r  a t t a c k  on a  c a rb o n iu m  i o n  by a  
n u c l e o p h i l e ;  th e  c i r c u m s ta n c e  t h a t  t r a n s - a d d i t i o n  i s  
a  p r e d o m in a t in g  -  a l t h o u g h  n o t  a lw a y s  an  e x c l u s i v e  -  
mode o f  r e a c t i o n  i s  c o n s i s t e n t  w i t h  th e  p ro p o s e d  
"on ium ” s t r u c t u r e s  f o r  th e  i n t e r m e d i a t e ,  and  may sug= 
g e s t  a l s o  t h a t  c o n f i g u r a t i o n s  a r e  n o t  a lw a y s  f i r m l y
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h e l d  i n  th e  t r a n s i t i o n  s t a t e .
I n  some a r o m a t i c  s y s te m s  o n ly  one d o u b le  bond i s  
i n v o lv e d  i n  th e  a d d i t i o n ,  and  c h l o r i n a t i o n  o f  phenan=  
t h r e n e  i n  a c e t i c  a c i d  p r o v i d e s  a n  i n t e r e s t i n g  e x a m p le .  
T h is  compound g i v e s  9 - c h lo r o p h e n a n th r e n e  (V I, Scheme 1-) 
t o g e t h e r  w i t h  a  m ix tu r e  o f  d i c h l o r i d e s  i n  w h ic h  th e  
c i s - i s o m e r  ( V I I ) i s  p re d o m in a n t ;  an# a c e t o x y c h l o r i d e  
( IX ) h a s  a l s o  b e e n  i s o l a t e d ,  whose s t r u c t u r e  i s  t h a t  
o f  a  t r a n s - i s o m e r .
I t  i s  s u g g e s te d  t h a t  th e  c i s - d i c h l o r i d e  i s  fo rm ed  d i=  
r e c t l y ,  w i t h o u t  i n t e r v e n t i o n  by  e x t e r n a l  h a l i d e  i o n ,  
t h r o u g h  an  i n t e r m e d i a t e  (IV ) w h ich  l i e s  e a r l i e r  jthan 
th e  ca rb o n iu m  i o n i c  i n t e r m e d i a t e  (V) on th e  r e a c t i o n  
p a t h .  An a l t e r n a t i v e  f a t e  o f  ( IV ) i s  t o  l o s e  h a l i d e  
i o n  t o  fo rm  (V ), w h ic h  i n  t u r n  g i v e s  m a in ly  t r a n s -  
a d d u c t s  ( V I I I ) and  ( IX )  by r e a c t i o n  w i t h  e x t e r n a l  
n u c l e o p h i l e s .  A l l  a d d u c t s  a r e  u n s t a b l e  and  c a n  decom= 
p o se  t o  g iv e  (V I)  and  (X ) .
T h is  and  o t h e r  ex am p les  show t h a t  h e t e r o l y t i c  
p o l a r  a d d i t i o n s  o f  h a lo g e n s  c o u ld  p ro c e e d  i n  th e  c i s -  
s e n s e  more commonly t h a t  had  b e e n  s u p p o s e d .  F u r  th e  r=  
m ore , some o f  th e  s u b s t i t u t i o n  p r o d u c t s  a r e  d e r i v e d  by 
an  a d d i t i o n - é l i m i n a t i o n  s e q u e n c e ,  w h ic h  c a n  a l s o  g iv e  
o t h e r  compounds w here  th e  s u b s t i t u e n t  i n t r o d u c e d  a s  
r e s u l t  o f  th e  i n i t i a l  e l e c t r o p h i l i c  a t t a c k  i s  n o t  th e  
e l e c t r o p h i l i c  p a r t  o f  th e  r e a g e n t  ( e . g . , ( X ) ,  Scheme l ) .
Many o t h e r  a r o m a t i c  s y s te m s  a r e  known t o  u n d e rg o
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a d d i t i o n  r e a c t i o n s  w i t h  d i f f e r e n t  e l e c t r o p h i l e s .  Thus 
a n t h r a c e n e  fo rm s  a d d u c t s  w i t h  c h l o r i n e ,  b r o m in e , and 
n i t r i c  a c i d .  The same i s  t r u e  o f  a d d i t i o n  t o  n a p h th a =  
l e n e  ( s e e  l a t e r ) ,  b i p h e n y l ,  and f l u o r e n e .
-  Scheme 1
AcOH
(V) HOL(IV ) H ^ (V I)
H+
UL
H
( V I I ) , ç a . 35^  
.-HCl
( V I l f ) ! ^ . 1 0 ^
[Cl
( I X ) ,*0^159^
(V I)
(X)
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4 .  HALOGENATION REACTIONS?»
A lth o u g h  a  v a r i e t y  o f  m e th o d s  have  b e e n  u s e d  to  
i n t r o d u c e  h a lo g e n  a tom s i n t o  o r g a n ic  m o le c u l e s ,  th e  
d i s c u s s i o n  h e r e  w i l l  coV er o n ly  r e a c t i o n s  b e tw e e n  ha= 
lo g e n s  o r  h a lo g e n  d e r i v a t i v e s  and c a r b o n - c a r b o n  d o u b le  
b o n d s ,  l e a d i n g  to  s u b s t i t u t i o n s  o f  h a lo g e n  f o r  h y d ro g e n  
atom s and t o  a d d i t i o n  t o  th e  m u l t i p l e  bond •
R e a g e n ts  c o n c e rn e d  i n  h a l o g é n a t i o n  a r e  c l a s s i f i e d  
a s  n e u t r a l  and p o s i t i v e l y  c h a r g e d .  The f o rm e r  i n c l u d e  
m o le c u l a r  h a l o g e n s ,  e . g . ,  B r^ ,  e i t h e r ^ / a l o n e  o r  i n  th e  
p r e s e n c e  o f  a  c a t a l y s t  s u c h  a s  m e t a l l i c  h a l i d e  o r  io =  
d in e  ( a s  B r^ P e B r" ,  p e r h a p s ) .  P o s i t i v e  h a l o g e n a t i n g  
s p e c i e s  may p o s s i b l y  b e f r e e  h a lo g e n iu m  c a t i o n s ,  o r
s o l v a t e d  fo rm s  i n  w h ic h  c o - o r d i n a t i o n  w i t h  a  n e u t r a l
+ + + 
n u c l e o p h i l e  h a s  g iv e n  X-OH , X-OR , X-NH,_R , e t c .
H ^
T here  i s  no in d e p e n d e n t  p h y s i c a l  e v id e n c e  f o r  t h e s e
c a t i o n s ,  b u t  t h e i r  e x i s t e n c e  i s  i n f e r r e d  f ro m  k i n e t i c
. . 17 d a t a  .
M e c h a n i s t i c  i n v e s t i g a t i o n s  g iv e  some i n d i c a t i o n  
o f  th e  r e l a t i v e  e f f e c t i v e n e s s  o f  t h e  r e a g e n t s  c o n s id =  
e r e d .  A m o le c u l a r  h a lo g e n  h a s  a  n o n - p o l a r  bond and i s  
o n ly  w e a k ly  e l e c t r o p h i l i c :  i t  r e q u i r e s  a  f a i r l y  s t r o n g
IK
H .H ouse ,"M odern  S y n t h e t i c  R e a c t i o n s " , B enjam in,N ew  
Y o r k ,1 9 6 4 ,C h a p te r  6 .
R o b e r t s  and  M .C a s e r io , " O r g a n ic  C h e m is t r y " , B en jam in  
New Y o rk ,1 9 6 4 ,C h a p te r  2 2 .
^ ^ J .A r o t s k y  and  M . C . R . S y m o n s .Q u a r t .R e v . ,1 9 6 2 ,1 6 ,2 8 2 .
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d o n a t i o n  o f  e l e c t r o n s  -  f ro m  an  a r o m a t i c  n u c l e u s ,  f o r  
i n s t a n c e  -  i n  o r d e r  t h a t i h e  r e a c t a n t s  may su rm o u n t th e  
a c t i v a t i o n  e n e rg y  h a r r i e r ;  on th e  o t h e r  h a n d ,  a  Lew is 
a c i d  c a t a l y s t  p o l a r i z e s  th e  i n t e r h a l o g e n  b o n d , t h e r e b y  
r e n d e r i n g  one o f  th e  two atom s more e l e c t r o p h i l i c .  T h is  
bond p o l a r i s a t i o n  may become c o m p le te  and a  f r e e  h a lo g e n  
c a t i o n  be p r e s e n t .  F o r  c h l o r i n a t i o n ,  t h e  f o l l o w i n g  se=  
q u e n c e  c a n  be w r i t t e n  :
" P o s i t i v e  c h l o r i n e " > C l^ >  Cl-OH
The e l e c t r o p h i l i c i t y  o f  a  h a lo g e n  a tom  s h o u ld  be i n c r e a s =
ed a s  t h e  e l e c t r o n - w i t h d r a w i n g  pow er o f  th e  n u c l e o p h i l e
t o  w h ic h  i t  i s  bonded  i s  i n c r e a s e d ,  s i n c e  t h i s  w i l l  in =
c r e a s e  th e  i n d i c a t e d  p o l a r i s a t i o n  to w a rd s  h a l o g e n - c a r r i e r ;
2t h e  r e a c t i v i t y  w i l l  t h e n  f o l l o w  th e  o b s e rv e d  o r d e r :
>  X-ORg >  X— X >  X-OH
I t  S h o u ld  be r e a l i s e d , h o w e v e r ,  t h a t  th e  r e a c t i v i t y  i n  
s u c h  a  se q u e n c e  d e p e n d s  n o t  o n ly  on bond p o l a r i s a t i o n ,  
b u t  a l s o  on i t s  s t r e n g t h  and p o l a r i s a b i l i t y .
S e v e r a l  f a c t o r s  a r e  in v o lv e d  when c o m p a r iso n  a r e  
made o f  d i f f e r e n t  h a l o g e n s .  A p a r t  f ro m  f l u o r i n e ,w h o s e
18r e a c t i o n s  a r e  p r e d o m in a n t ly  h o m o ly t ic  , t h e  o r d e r  o f
r e a c t i v i t y  i s :
Gig > Brg > Ig
D e s p i t e  th e  c o n s i d e r a b l e  s t r e n g t h  o f  t h e  c h l o r i n e - c h l o =  
.B ig e lo w ,C h e m .R ev . , 1 9 4 7 , 4 £ , 51•
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r i n e  bond and i t s  r e l a t i v e l y  s m a l l  p o l a r i s a b i l i t y ,  c h lo =  
r i n e  i s  th e  m o st r e a c t i v e  o f  th e  h a l o g e n s ;  th e  r a t e  o f  
c h l o r i n a t i o n  f o l l o w s  a  s e c m n d -o rd e r  r a t e  e x p r e s s i o n ,  
w h e re a s  b rom ine  d i f f e r s  i n  so m etim es  g i v i n g  th e  k i n e t =  
i c  fo rm :
- d ( B r ^ ) / d t  = K [ u n s a t u r a t e d  co m p o u n d ][B r^ ]^
The g r e a t e r  s t r e n g t h  o f  th e  C -C l t h a n  o f  t h e  C-Br bond 
m u st c o n t r i b u t e  l a r g e l y  t o  t h i s  d i f f e r e n c e .
The m echanism  o f  p o l a r  h a l o g é n a t i o n  i s  c o m p l ic a te d  
by th e  f a c t  t h a t  th e  r e a g e n t s  fo rm  lo o s e  1 : 1  c h a r g e -  
t r a n s f e r  com plexes  w i t h  th e  I f  e l e c t r o n s  o f  t h e  u n s a tu =  
r a t e d  s y s t e m .  Complex f o r m a t i o n  r e p r e s e n t s  p r o b a b ly  th e  
f i r s t  s t a g e  o f  th e  r e a c t i o n ,  a s s i s t i n g  i t  by b r i n g i n g  
th e  r e a c t a n t s  i n  c l o s e  p r o x i m i t y .  I f  n e c e s s a r y ,  th e  c a t=  
a l y t i c  a c t i v i t y  o f  an  e l e c t r o n - a c c e p t i n g  compound i s  
r e q u i r e d  t o  p o l a r i z e  th e  i n t e r h a l o g e n  b o n d ; th e  p o s i t i =  
v e  end o f  th e  d i p o l e  a t t a c k s  t h e  s u b s t r a t e ,  w h i le  th e  
n e g a t i v e  end i s  com plexed  w i t h  th e  c a t a l y s t .  An exam ple 
o f  a  p o s s i b l e  r e a c t i o n  s e q u e n ce  l e a d i n g  to  th e  i n t e r =  
m e d ia te  i s  r e p r e s e n t e d  a s  f o l l o w s ,  th e  s lo w  s t e p  b e i n g  
f o r m a t i o n  o f  a  6" bond b e tw e e n  X and a n  a r o m a t i c  r i n g :
O FeX3^2
X . . .P e X
+ FeX
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H alo g e n  r e a c t i o n s  w i t h  c h l o r i n e  and b rèm in e  m u st 
be c a r r i e d  o u t  w i t h  a d e q u a te  p r o t e c t i o n  f ro m  l i g h t . I f  
su c h  p r e c a u t i o n s  a r e  n o t  t a k e n ,  th e  p r o c e s s  may assume 
th e  f e a t u r e s  o f  a  p h o to c h e m i c a l ly - i n d u c e d  f r e e - r a d i c a l  
c h a i n  r e a c t i o n .
4 .1  MOLECULAR CHLORINE?’ ^
The m o st i m p o r t a n t  n e u t r a l  r e a g e n t  o f  t h i s  k in d  
i s  m o le c u l a r  c h l o r i n e ,  and  c h l o r i n a t i o n  o f  a r o m a t ic  
compounds i s  t h e  r e l e v a n t  r e a c t i o n  i n  t h i s  c o n t e x t .
I t s  k i n e t i c  e x p r e s s i o n ,  i n  a n h y d ro u s  a c e t i c  a c i d :
- d ( C l  ) / d t  = k  [ a tH ]  [Cl ]
c o u ld  be c o n s i s t e n t  w i t h  e l e c t r o p h i l i c  a t t a c k  by C l^ ,
4*
Cl-OAc o r  Cl-OAc , fo rm ed  i n  a  p r e - e q u i l i b r i u m  a c c o r=
H
d in g  t o  any  o f  th e  f o l l o w i n g  s e q u e n c e s :
01^ ^  01^ 4- C l“ ; ArH 4- C l^  p r o d u c t s
Clg + h "^  :^:± Cl"^ + HCl ; " "
C lg + HOAc ClOAc + HCl ; ArH + ClOAc —♦ p r o d u c t s
C l„ + "OAc ^  ClOAc + C l"  ; " "
C l„  + HOAc + H ^  ClOAc + HCl ; ArH + ClOAc —* p r o d u c t s  
2 ^  H H
S in c e  th e  r e a c t i o n  i s  n e i t h e r  s t r o n g l y  c a t a l y z e d  by  
a c i d s  n o r  s t r o n g l y  r e t a r d e d  by  b a s e s ,  c h l o r i d e ,  and
i q
a c e t a t e  i o n  , i t  i s  c o n c lu d e d  t h a t  h a l o g é n a t i o n  by 
th e  above r e f e r r e d  r e a g e n t s  d o e s  n o t  o c c u r ,  and t h a t
W .R o b e r ts o n ,J .C h e m .S o c . , 1 9 4 3 ,2 7 9 ;  i b i d . , 1 9 4 9 ,2 9 4 ;  
i b i d . ,1 9 5 4 ,1 2 6 7 .
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m o le c u l a r  c h l o r i n e  i s  th e  e f f e c t i v e  e l e c t r o p h i l i c  spe=  
c ie s%  w h ic h ,  t o g e t h e r  w i t h  th e  u n s a t u r a t e d  s u b s t r a t e ,  
c o n s t i t u t e s  th e  t r a n s i t i o n  co m p lex . The s m a l l  i n c r e a s e  
i n  r a t e ,  o b s e rv e d  by a d d in g  e l e c t r o l y t e s ,  a r e  t h e n  a t=  
t r i b u t e d  t o  th e  i n c r e a s e  i n  i o n i z i n g  pow er o f  th e  en= 
v i ro n m e n t  v /h ich  f a c i l i t a t e s  th e  d e v e lo p m e n t o f  a  more 
p o l a r  t r a n s i t i o n  s t a t e  f ro m  l e s s  p o l a r  r e a c t a n t s .
T h is  k i n e t i c  fo rm  i s  a p p r o p r i a t e  a l s o  t o  c h l o r i =  
n a t i o n  i n  o t h e r  s o l v e n t s .
F u r t h e r  i n d i c a t i o n  o f  th e  e l e c t r o p h i l i c  n a t u r e  
o f  m o le c u l a r  c h l o r i n e  i s  p r o v id e d  by th e  c l o s e  depen=  
dence  o f  th e  r e a c t i v i t y  on th e  n a t u r e  o f  th e  s u b s t r a t e  
and i t s  s t r u c t u r a l  c h a n g e s ;  t h e  same i s  t r u e  i f  we con= 
s i d e r  t h e  o r i e n t i n g  e f f e c t  e x e r t e d  by  m e th y l  and p h e n y l  
g ro u p s ,  w h ic h  a r e  £ , £ - d i r e c t i n g  to w a rd s  c h l o r i n e ,  i n  
s u b s t i t u t i o n  r e a c t i o n s .
The c h l o r i n a t i o n  o f  some a r o m a t i c  h y d r o c a r b o n s ,
su c h  a s  b i p h e n y l ,  p h e n a n th r e n e ,  and  n a p h t h a l e n e ,  hy
c h l o r i n e  i n  a c e t i c  a c i d  i s c o m p l i c a t e d  by a d d i t i o n  w h ic h
20 21ac co m p a n ies  s u b s t i t u t i o n  ’ • B o th  p o l y o h lo r c r a n d
a c e t o x y c h l o r o - a d d u c t s  a r e  fo rm e d , and t o  a c c o u n t  f o r  
th e  n a t u r e  o f  t h e  p r o d u c t s  -  and p a r t i c u l a r l y  f o r  t h e i r  
s t e r e o c h e m i s t r y  — i t  i s  s u g g e s te d  t h a t  i n t e r m e d i a t e s
20 G .H .B eaven  e t  a l . , J .C h e m .Soc . , 1961,2749#
B .D .de  laM are  e t  a l . . J .C h e m ;S o c . . 1 9 6 1 .5 2 8 5 ;  i b i d . ,  
1962.988 .
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o f  th e  ty p e  ArHCl^, i n v o l v i n g  c h l o r i n e  w i t h  a n  expended  
o c t e t ,  a r e  p r o d u c e d .  Such f e a t u r e s  a r e  t a k e n  i n t o  ac=  
c o u n t  hy a  s l i g h t  e l a b o r a t i o n  o f  th e  g e n e r a l  m echanism  
o f  c h l o r i n a t i o n ,  i n  w h ic h  ArHCl^ , a s  w e l l  a s  o t h e r  
p o s s i b l e  i n t e r m e d i a t e s ,  a r e  i n c o r p o r a t e d :
ArH + C lg  - — ^  ArHCl^
ArHClg + N ArHCl’'' + NC1~
ArHCl+ -----------*• A rC l +
Where N i s  a  s p e c i e s  w h ic h  c a n  w s s i s t  re m o v a l  o f  th e  
c h l o r i d e  i o n  f ro m  A rH C l^; i n  a c e t i c  a c i d ,  th e  s o l v e n t  
i t s e l f  may a c t  a s  N, o r  th e  p o l a r i t y  o f  th e  medium c a n  
be s u f f i c i e n t  t o  p e r m i t  u n a s s i s t e d  f i s s i o n  i n  th e  se c=  
ond e q j a a t i o n .
5 .  STRUCTURE AND REACTIVITY OF NAPHTHALENE AND 
ITS DERIVATIVES.
5 .1  THE MOLECULE OP NAPHTHALENe I ’ ^^
The s i m p l e s t  a r o m a t ic  c o n d e n s e d - r in g  h y d ro c a rb o n
i s  n a p h t h a l e n e .  A c c o rd in g  to  th e  m o le c u l a r  o r b i t a l  de=
s c r i p t i o n  o f  i t s  m o le c u le ,  e a c h  c a rb o n  i s  l i n k e d  t o
t h r e e  o t h e r  a tom s by S' b o n d s ,  r e s u l t i n g  f ro m  th e  o v er=
2
l a p p i n g  o f  c a rb o n  S£ a to m ic  o r b i t a l s  w i t h  one a n o t h e r  
^ J .P a c k e r  and J .V a u f e h a n , lo c . c i t . , c h a p t e r  2 6 .
P2
G .M .B a d g e r ," C h e m is t ry  o f  A ro m atic  Com pounds", Academic 
P r e s s , 19 5 6 .
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and w i t h  th e  s  o r b i t a l s  o f  th e  h y d ro g e n  a to m s ;  th e
r i n g s  a r e  t h e r e f o r e  p l a n a r  and u n s t r a i n e d .  The r e =
m in in g  £  o r b i t a l s  o f  th e  t e n  c a rb o n  atom s s i d e - o v e r =
l a p  one a n o t h e r  and  t h e i r  i f  e l e c t r o n s  a r e  d e l o c a l i z e d
o v e r  t h e  w hole  s y s t e m .
I n  c o n t r a s t  t o  b e n z e n e ,  th e  bon d s  i n  d i f f e r e n t
p o s i t i o n s  a ro u n d  th e  n a p h th a le n e  r i n g - s y s t e m  a r e  n o t
e q u i v a l e n t .  T h is  d i f f e r e n c e  i s  e x p l a in e d  i n  a  q u a l i=
t a t i v e  m anner by  m eans o f  th e  v a l e n c e - b o n d  t h e o r y ,w h ic h
c o n s i d e r s  th e  m o le c u le  t o  be a  r e s o n a n c e  h y b ry d  o f
( x )s e v e r a l  c a n o n i c a l  s t r u c t u r e s .  N e g l e c t i n g ,  i n  s p i t e  
o f  t h e i r  l a r g e  num ber, t h e  b r i d g e d  ( D e w a r - l i k e )  and 
a l s o  o t h e r  p o l a r  n o n - c a n o n i c a l  s t r u c t u r e s ,  b e c a u s e  o f  
t h e i r  h i g h  e n e r g y ,  t h r e e  K e k u le - ty p e  s t r u c t u r e s  can  
be w r i t t e n :
I t  may be shown by  quantum  m e c h a n ie s  t h a t  th e  num ber 
o f  in d e p e n d e n t  s t r u c t u r e s  w h ic h  c o n t r i b u t e  to  t h e  f i n a l  
s t a t e  o f  th e  m o le c u le  i s :
n ! / f  ( ÿ -  + D !
Where n  i s  th e  num ber o f  n o n - l o c a l i z e d  e l e c t r o n s  (16 
f o r  n a p h t h a l e n e )
^ ^ Y .K .S y rk in  and M.E. D y a t k i n a , " S t r u c t u r e  o f  M o le c u le s  
and th e  C h em ica l B o n d " , B u t t e r w o r t h s ,  L o n d o n ,1950 , 
C h a p te r  5 .
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A lth o u g h  th e  f i r s t  one s h o u ld  he o f  lo w e r  e n e rg y  th a n
th e  o t h e r  two b e c a u s e  i t  c o n t a i n s  two f u l l y  b e n z e n o id
r i n g s ,  w h e re a s  th e  o t h e r s  have  one b e n z e n o ià  and one
£ - q u in o n o id  r i n g  e a c h ,  a s  a  f u r t h e r  a p p r o x im a t io n  i t
i s  c o n v e n ie n t  t o  a s s i g n  them a p p r o x im a te ly  th e  same
w e i g h t ,  s i n c e  a l l  t h r e e  have  th e  same k in d  o f  b o n d s ,
and so  a r e  o f  a b o u t  th e  same s t a b i l i t y .
These s t r u c t u r e s  show t h a t  th e  and C^-C^
b onds m ig h t  be e x p e c te d  t o  have  a  bond o r d e r  o f  1 £
and 1  Y r e s p e c t i v e l y ,  and t h e r e f o r e  th e  f i r s t  bond
s h o u ld  be s h o r t e r  t h a n  th e  s e c o n d .  I n  f a c t ,  bond or=
4 24d e r s  r e p r e s e n t  one way o f  d e h o t i n g  t h e  re s e m b la n c e  
o f  a  g iv e n  bond to  a  p u re  s i n g l e ,  d o u b le ,  o r  t r i p l e  
b ond , w h ic h  a r e  c o n s id e r e d  t o  be 1 , 2 , and 3 by d e f i =  
n i t i o n .  A c c o r d in g ly ,  t h i s  m ethod c o n s i d e r s  th e  way i n  
w h ic h  th e  bond d i s t a n c e  v a r i e s  w i t h  th e  bond o r d e r ,  
f rom  a  p l o t  o f  t h e s e  q u a n t i t i e s  i n  s im p le  com pounds.
More r e f i n e d  m e th o d s  f o r  p r e d i c t i n g  m o le c u l a r  
p a r a m e te r s  have b e e n  c a r r i e d  t h r o u g h ,  w h ic h  d i f f e r  i n  
th e  q u a n tu m -m e c h a n ic a l  a p p r o x im a t io n s  i n t r o d u c e d  i n t o
th e  t h e o r e t i c a l  c a l c u l a t i o n s  o f  bond o r d e r s  ; t h e  v a l u e s
8 25 o b t a in e d  by th e  v a l e n c e - b o n d  and m o l e c u l a r - o r b i t a l
m ethods  ( s e e  d ia g ra m s  b e lo w ) ,  a l t h o u g h  r e l a t i v e l y  d i f =
1 7f e r e n t ,  a r e  i n  good a g re e m e n t  w i t h  e a c h  o t h e r  ’ •
T here  i s  t h u s  some d e g r e e  o f  bond f i x a t i o n  i n  n a p h th a =
L .N .F e rg u s o n ," T h e  M odern S t r u c t u r a l  T heo ry  o f  O rg a n ic  
C h e m is t r y " , P r e n t i c e - H a l l ,N e w  Y o rk ,1 9 6 3 ,p .3 5 5 .
25C .A .C o u ls o n  e t  a l . , T r a n s .F a r a d a y  S o c . , I 9 5 1 , 4 7 ^5 5 3 ^
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l e n e ,  t h e  C^—Cg, 0 ^ — , G^—C^, and 0 ^ —Cg bon d s  d e f i =  
n i t e l y  h a v in g  g r e a t e r  i f  bond c h a r a c t e r  t h a n  th e  C^-C. 
and Cg-Cy b o n d s .
Bond o r d e r s  and bond l e n g h t s  ( i n  b r a c k e t s , A  u n i t s ) ,  
f o r  th e  n a p h t h a l e n e  m o le c u l e .
VB m e thod : MO m ethod :
h m
p . 255 1 .3 6 7
1(1.42) ( 1 . 40)
1.5551 1 .7 2 5
.518] 1 .6 0 3  
( 1 .4 2 )  ( 1 ^ )
I n  any  e v e n t ,  t h e  v a l u e s  o f  bond l e n g h t s  c a lc u =
l a t e d  f ro m  t h e o r y  a r e  c o n s i s t e n t  w i t h  th o s e  m easu red
e x p e r i m e n t a l l y .  X -ra y  a n a l y s i s  gave a  d e f i n i t e  geo=
26m e t r i c a l  p i c t u r e  o f  ÿhe m o le c u le ,  a s  shown b e lo w :
D B
E A
E*
Bond l e n g h t s ,A
AB
BO
CD
DE
AE'
CO*
1 .3 6 9
1 .4 2 6
1 .4 2 4
1.362
1 .4 0 4
1 .3 9 3
A n g les
BAE* 1 2 1 °05* 
ABC 1 1 9 ^ 3 5 ’ 
BCC» 1 1 8 ^ 5 5 ’ 
DOC* 120^10* 
ODE 119^30* 
DEA* 120^50*
8P .B .D .d e  l a M a r e  and  J . H . R i d d , l o c . c i t . , p p . 1 7 4 - 5 .  
" C . A . C o u l s o n , l o c . c i t . , p . 2 5 7 .
7
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A . S t r e i t w i e s e r , J r . , l o c . c i t . , p .
E.R.Ahmed and  D .W. J . C r u ic k s h a n k , A c ta  C r y s t . , 1 9 5 2 ,5 ,5 8 2
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The b o n d s  AB and BE a r e  c h e m ic a l l y  th e  sam e, b u t  c ry s =  
t a l l o ^ r a g h i v a l l y  d i f f e r e n t .  E o r  c h e m ic a l  r e a s o n s  i t  
seems m o st l i k e l y  t h a t  s t r u c t u r a l  d i s t o r s i o n s  o f  a b o u t  
t h i s  o r d e r  o f  m a g n i tu d e ,  j u s t  a s  th e  o b s e rv e d  d e v i a t  
t i o n s  f ro m  a  s t r i c t l y  c o p l a n a r  s t r u c t u r e  ( £ a .  0 .0 1  A °) ,  
e i t h e r  may be due t o  an  e ^ q p e r im en ta l  e r r o r  o r  c o u ld  
a r i s e  f ro m  th e  m anner i n  w h ic h  m o le c u le s  a r e  p ac k e d  
t o g e t h e r  t o  fo rm  th e  c r y s t a l  l a t t i c e ,  and d i s a p p e a r  
i n  f r e e  m o le c u l e s ,  e . g . ,  i n  th e  v a p o u r  p h a s e  o r  d i l u =  
t e d  s o l u t i o n s .
5 .2  REACTIVITY AND ORIENTATION IN NAPHTHALENE
SYSTEMS®’ ^
A l l  p o l y c y c l i c  h y d ro c a rb o n s  h ave  c o n s i d e r a b l e  
a r o m a t i c  s t a b i l i t y ,  a s  m easu red  by  t h e i r  s t a b i l i z a t i o n  
e n e f g y . The v a l u e  f o r  n a p h t h a l e n e  (61  k c a l / m o l e )  i s  
g r e a t e r  t h a n  t h a t  o f  b en z en e  (3 6  k c a l / m o l e ) ,  b u t  i t  
i s  a p p r e c i a b l y  l e s s  t h a n  tw ic e  a s  g r e a t ;  i n  th e  mole= 
c u l e  o f  n a p h t h a l e n e  b o t h  r i n g s  have  two a tom s i n  com= 
mon, and c o n s e q u e n t ly  a r e  n o t  in d e p e n d e n t  o f  e a c h  o t h e r  
a s  f a r  a s  t h e i r  b e n z e n o id  r e s o n a n c e  i s  c o n c e r n e d .T h i s  
f e a t u r e  h a s  i m p o r t a n t  c o n s e q u e n c e s  i n  r e g a r d  t o  th e  
r e a c t i v i t y  o f  th e  n a p h t h a le n e  r i n g  s y s te m .
The f o r m a t i o n  o f  a d d u c t s ‘i s  th e rm o d y n a m ic a l ly  f a =
o
P .B .D . de l a l î a r e  and  J . H . R i d d , l o c . c i t . , c h a p t e r  1 3 .
Q
R .O .C . Norman and R. T a y l o r , l o c . c i t . , c h a p t e r  5 .
43
v ô u r e d ,  and a d d i t i o n  r e a d i l y  ac c o m p a n ie s  s u b s t i t u t i o n ,  
i n  t h i s  a s  i n  th e  h i g h e r  p o l y c y c l i c  com pounds.
The l o s s  o f  s t a b i l i z a t i o n  e n e rg y  on g o in g  fro m  
n a p h th a le n e  t o  a  1 , 2 - d ih y d r o n a p h th a l e n e  c a n  be e s t i =  
m a ted  t o  be c a .  23 k c a l / m o l e . T h is  f i g u r e  i s  s u b s ta n =  
t i a l l y  l e s s  th a n  t h a t  f o r  th e  c o r r e s p o n d in g  r e a c t i o n  
o f  b e n z e n e .  The a d d i t i o n  o f  a  r e a g e n t  X-Y t o  th e  1 , 2 -  
d o u b le  bond w ould  g iv e  a n  ad d u c t  (X I)  th e  rmo dÿnami c a l=  
l y  more s t a b l e  (b e c a u s e  o f  th e  s t y r e h e - l i k e  c o n j u g a t i o n )  
t h a n  t h a t  d e r i v e d  by 1 ,4 - a d d j i t i o n  ( X I I ) ;  b u t  i t  c a n n o t  
be assum ed w i t h o u t  q u e s t i o n  t h a t  1 , 2 - a d d i t i o n  w ould  be 
f a v o u r e d  k i n e t i c a l l y ,  s i n c e  k i n e t i c a l l y  c o n t r o l l e d  ad= 
d i t i o n  o f  h a lo g e n  o r  o f  h y d ro g e n  h a l i d e s  t o  c o n ju g a te d  
sy s te m s  o f t e n  g i v e s  th e  th e rm o d y n a m ic a l ly  l e s s  s t a b l e  
i s o m e r  a s  m a jo r  p r o d u c t .
(X I)  , ( X I I )
H Y
The a d d u c t s  so  fo rm ed  w o u ld ,h o w e v e r ,  d i f f e r  i n  t h e i r  
f u r t h e r  r e a c t i o n s ,  e s p e c i a l l y  when th e  g ro u p s  X and Y 
w ere  p o w g fu l ly  e l e c t r o n - w i t h d r a w i n g ;  w i t h  th e  h a l o g e n s ;  
f o r  ex am p le , th e  p r im a r y  p r o d u c t  o f  th e  1 , 2 - a d d i t i o n  
(X I; X = Y = h a lo g e n )  w ould  be much more l i a b l e  t o  
f u r t h e r  a t t a c k  by  e l e c t r o p h i l e s  t h a n  w ould  be th e  p rod=
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u c tK  o f  1 , 4 - a d d i t i o n  ( X I I ;  X = Y = h a l o g e n ) .
F u r th e r m o r e ,  when th e  a r o m a t ic  c h a r a c t e r  o f  one 
r i n g  i s  f u l l y  d e s t r o y e d ,  25 k c a l /m o le  o f  s t a b i l i s a t i o n  
e n e rg y  a r e  l o s t .  T hus , n a p h th a le n e  u n d e rg o e s  o x i d a t i o n  
and r e d u c t i o n  more r e a d i l y  th a n  b e n z e n e ,  b u t  o n ly  t o  
th e  s t a g e  w here  a  s u b s t i t u t e d  b e n z en e  r i n g  i d  fo rm e d .  
F o r  e x a m p le ,  h y d r o g e n a t io n  o f  n a p h th a le n e  w i t h  sod ium  
i n  l i q u i d  ammonia o r  w i t h  sod ium  and e t h a n o l  t a k e s  p la =  
ce r e a d i l y  t o  g iv e  1 , 2 -  and 1 , 4 - d ih y d r o n a p h th a l e n e  r e =  
s p e c t i v e l y ;  f  u r t h e r v h y d r o g e n a t i o n  g iv e s  t e t r a l i n  ea s=  
i l y  and  r a p i d l y ,  w h e re a s  more f u l l y  h y d ro g e n a te d  r i n g s  
a r e  o b t a i n e d  o n ly  by  v ig o r o u s  c a t a l y t i c  h y d r o g e n a t i o n .
These c o n s i d e r a t i o n s  w ould  be r a t e  -  and p r o d u c t  -  
d e t e r m i n i n g  o n ly  t o  th e  e x t e n t  t h a t  th e  t r a n s i t i o n  
s t a t e s  f o r  th e  v a r i o u s  r e a c t i o n - p a t h s  w ere  l i k e  th e  
p r o d u c t s  o f  th e  r e a c t i o n .
E l e c t r p h i l i c  a r o m a t ic  s u b s t i t u t i o n  i n  n a p h th a le n e  
s e r i e s  i s  d e s c r i b e d  i n  te rm s  o f  a  t r a n s i t i o n  s t a t e  in =  
v o l v i n g  a n  i n t e r m e d i a t e  o f  th e  c a rb o n iu m  i o n i c  t y p e ; i t  
i s  a l s o  c o n s id e r e d  t h a t  r e a c t i v i t y  d ep e n d s  on p o l a r i s a =  
b i l i t y ,  i . e . ,  t h e  c h a rg e  d i s t r i b u t i o n  on t h i s  t r a n s i = 
t i o n  s t a t e ,  t h e  m o s t r e a c t i v e  p o s i t i o n s  b e i n g  th o s e  
l e a v i n g  th e  g r e a t e s t  p o s s i b i l i t i e s  f o r  r e s o n a n c e  s t a =  
b i l i s a t i o n  t o  t h e  c a t i o n  i n  th e  r e m a in in g  s y s te m .
I t  c a n  be r a t i o n a l i s e d  t h a t  p o l a r i s a b i l i t y  s h o u ld  de= 
v e l o p  more r e a d i l y  a t  th e  1 -  t h a n  a t  th e  2 - p o s i t i o n .
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and t h a t  b o t h  o f  them  s h o u ld  be m o re  r e a c t i v e  t h a n  a  
s i n g l e  p o s i t i o n  i n  b e n z e n e .
B o th  r e s u l t s  f o l l o w  r e a s o n a b l y  fro m  e x a m in a t io n  
o f  th e  two ] a l t e r n a t i v e  t r a n s i t i o n  s t a t e s  w h ic h  may 
be a p p ro x im a te d  a s  h y b r i d s  o f  ( X I I I  a - e )  and (XIV a - e ) 
r e s p e c t i v e l y  f o r  1 -  and  2 - s u W t i t u t i o n  i n  n a p h t h a l e n e .  
F o r  e a c h ,  d e l o c a l i z a t i o n  o f  th e  p o s i t i v e  c h a rg e  o v e r  
two r i n g s  i s  c o n s i d e r a b l y  more e x t e n s i v e  t h a n  i n  th e  
t r a n s i t i o n  s t a t e  f o r  s u b s t i t u t i o n  i n  b e n z e n e ,  l e a d i n g  
to  i n c r e a s e d  s t a b i l i t y  and d e c r e a s e d  a c t i v a t i o n  e n e r g y .
( X l l l - a )  ( X l l l - b )  ( X I I I - c )  (X E I I -d ) ( X l l l - e )
(X lV -a )
■H H
(X lV -b ) (X IV -c) (X lV -d) (X lV -e )
F u r t h e r ,  s t r u c t u r e s  ( X l l l - a ) ,  ( X H I - h ) ,  and  (X lV -a)  a r e  
b e n z e n o id  and  t h e r e f o r e  o f  lo w e r  e n e rg y  c o n t e n t  t h a n  
th e  r e m a in d e r ,  i n  w h ic h  th e  b e n z e n o id  n a t u r e  o f  th e  s e e =  
end r i n g  h a s  b e e n  i n t e r r u p t e d .  S in c e  t h e r e  a r e  two s u c h  
lo w -e n e rg y  c o n t r i b u t o r s  f o r  1 - s u b s t i t u t i o n  and  o n ly  one 
f o r  2 - s u b s t i t u t i o n ,  i t  i s  r e a s o n a b l e  t h a t  t h e  t r a n s i t i o n
46
s t a t e  f o r  th e  f o rm e r  i s  o f  lo w e r  e n e rg y  t h a n  t h a t  f o r  
th e  l a t t e r .
E x p e r im e n ta l  o b s t e r v a t i o n s  a r e  i n  g e n e r a l  a c c o r d
w i t h  th e  d i s c u s s e d  t h e o r y .  P r o v id e d  t h a t  t h e  o r i e n t a =
t i o n  i s  k i n e t i c a l l y ,  r a t h e r  th a n  th e rm o d y n a m ic a l ly ,
c o n t r o l l e d ,  t h e  1 - i s o m e r  p r e d o m in a te s  o v e r  th e  2 - i s o =
27 28  2 Qm er i n  t h e  p r o d u c t  o f  s u b s t i t u t i o n .   ^ ^
An e l e c t r o n - a t t r a c t i n g  s u b s t i t u e n t  i n  one o f  th e  
two a r o m a t i c  r i n g s  c a u s e s  d e a c t i v a t i o n  o f  th e  m o le c u le  
and th e  r e a g e n t  r e a c t s  a t  t h e  u n s u b s t i t u t e d  n u c l e u s ,  
p r e d o m in a n t ly  a t  th e  5 -  and 8 - p o s i t i o n s .
An e l e c t r o n - r e l e a s i n g  s u b s t i t u e n t  c a u s e s  a c t i v a =  
t i o n  and d i r e c t s  t h e  r e a g e n t  i n t o  th e  same r i n g  a s  i t =  
s e l f .  I f  th e  s u b s t i t u e n t  i s  i n  th e  1 - p o s i t i o n ,  s u b s t i =  
tu tm o n  o c c u r s  a t  t h e  and a to m s ,  b u t  a  2 - s u b s t i =  
t u e n t  d i r e c t s  p r e d o m in a n t ly  t o  th e  1 - p o s i t i o n  and n o t  
t o  t h e  3 - p o s i t i o n  w h ich  i s  a l s o  o r th o  t o  th e  s u b s t i t u =  
e n t .  The r e a s o n  i s  t h a t  th e  f o rm e r  p o s i t i o n  i s  a c t i v a t e d  
b o th  by th e  s u b s t i t u e n t  and by th e  o t h e r  r i n g ,  and th e  
s t a b i l i z a t i o n  w h ic h  s u c h  a  s u b s t i t u e n t  c a n  g iv e  to  th e  
t r a n s i t i o n  s t a t e  i s  more e f f e c t i v e  when, a s  i n  (XV), 
th e  a p p r o p r i a t e  c a n o n i c a l  s t r u c t u r e  i s  b e n z e n o id ,  t h a n
^ "^ H .E .P ie rz -D a v id  and R .S p o n a g e l ,  H e lv . Chim. Ac t a , 1943 , 
^ , 9 8 .
^ ^ E . B e r l i n e r  and M . C . B e c k e t t , J . A m er.C h e m .S o c .,1 9 5 7 ,7 9 ,  
1425 ; E . B e r l i n e r , E . J . O c h s , a n d  G .L .Z im m erm an ,J .O rg . 
Chem. , 1 9 5 8 , ^ ,  495 •
^ ^ P .E e r r e r o  e t  a l . , H e lv .C h im .A ct a , 1 9 2 8 .1 1 ,4 1 6 ; i b i d . ,
1 9 2 9 , 1 2 , 5 8 3 ; i b i d . , 1 9 3 0 , 1 3 , 1 0 0 9 .
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When, a s  i n  (X V I), t h e  b e n z e n o id  sy s te m  i s  i n t e r r u p t e d .
(XV) (XVI)
5 .3  HALOGENATION IN NAPHTHALENE SERIES.
H a lo g é n a t io n  o f  n a p h th a le n e  and i t s  s im p le  d e r i =  
v a t i v e s  h a s  b e e n  e x t e n s i v e l y  s t u d i e d  o v e r  many y e a r s .  
The m ain  i n t e r e s t ,  h ow ever, was c o n f in e d  t o  s u b s t i t u =  
t i o n  p r o d u c t s .  Q u a l i t a t i v e  o b s e r v a t i o n s  have  b e e n  con= 
f i rm e d  by  k i n e t i c  m easu rem e n ts  t o  show: t h a t  f o r  c h lo =  
r i n a t i o n ^ O a , b , c h r o m in a t io n ^ ^ ^ ^ ^ ’ ^^ o f  n a p h t h a l e n e ,
th e  1 - p o s i t i o n  i s  a c t i v a t e d  r e l a t i v e  t o  p o s i t i o n s  i n  
b e n z e n e ;  s i n c e  t h e s e  r e a g e n t s  a r e  v e r y  s e l e c t i v e ,  sub= 
8 t&t u t i o n  o c c u r s  t o  a  v e r y  l a r g e  e x t e n t  i n  th e  m ost 
r e a c t i v e  p o s i t i o n .  R e s e a rc h e s  have  a l s o  b e e n  c a r r i e d  
o u t  t o  e s t a b l i s h  th e  n a t u r e  o f  t h e  r a t e  c o n t r o l l i n g  
s t e p s  i n  th e  b r o m in a t io n ^ ^  and c j l o r i n a t i o n ^ ^ ^ ^ ^  r e a c =  
t i o n s .  I n  e a c h  c a s e  i t  was fo u n d  t h a t  f o r  n a p h th a le n e  
th e  k i n e t i c  f o rm ,a n d  th e  r e s p o n s e  o f  r e a c t i o n  r a t e  to
^ ^ a )P .B .L #  de l a  Mare and P .W .R o b e r t s o n ,J .C h e m .S o c . ,  
1 9 4 3 ,2 7 9 ;  b ) M .J .S .L e w a r  and  T .M o le ,J .C h e m .S o c . , 1 9 5 7 . 
342 ; c ) S .P .M a s o n ,J .C h e m .S o c . , 1 9 5 9 .1 2 3 3 •
^ ^ P .W .R o b e r tso n  e t  a l . . J .C h e m .S o c . . 1 9 4 3 .2 7 6 .
^ ^ S .P .M a s o n ,J .C h e m .S o c . . 1 9 5 8 ,4 3 2 9 •
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change  i n  e n v i ro n m e n t ,  w ere  e s s e n t i a l l y  s i m i l a r  t o  th o s e  
f o r  o t h e r  a r o m a t i c  h y d ro c a r b o n s  and f o r  v a r i o u s  o f t h e i r  
d e r i v a t i v e s .
A lth o u g h  a  num ber o f  b ro m o n a p h th a le n e s  a r e  d e s c r i b e d  
i n  th e  l i t e r a t u r e   ^  ^ , r e c e n t  more s y s t e m a t i c  we3?k
i n v e s t i g a t i o n s  o f  c o n c o m i ta n t  a d d i t i o n  and s u b s t i t u t i o n  
a r e  m a in ly  c e n t e r e d  on c h l o r i n a t i o n  o f  n a p h t h a l e n e . 
D e p e n d in g  on th e  c o n d i t i o n s  o f  th e  r e a c t i o n ,  v a r i o u s
p r o d u c t s  a r e  r e p o r t e d  t o  have  b e e n  i s o l a t e d ,  i n c l u d i n g
e^®, a  n ap h th a :
2 9 ,3 7 ,3 8 ,3 9 ,4 0
29 371 - c h l o r o n a p h t h a l e n e  th a le n e  d i c h l o r i d e  ,a n d
some p o l y c h l o r i d e s
The b e s t  known among th e  l a t t e r  a r e  th o s e  o b ta in e d  
by a t t a c k  o f  e l e c t r o p h i l i c  c h l o r i n e :  th e  r e a c t i o n  i n  
a c e t i c  a c id ^ ^  g i v e s  p r o d u c t s  o f  s u b s t i t u t i o n  (m a in ly
1 - c h l o r o n a p h t h a l e n e ) ,  p r o d u c t s  o f  a d d i t i o n  o f  c h l o r i n e  
( m a in ly  n a p h t h a l e n e - C < - t e t r a c h l o r i d e ) ,  and o t h e r  a d d u c t s  
( m a in ly  a n  a c e t o x y t r i c h l o r i d e ) ;  i n  th e  p r e s e n c e  o f  l i =  
t iu m  c h l o r i d e ,  th e  m ix tu r e  o f  t e t r a c h l o r i d e s  c o n t a i n s  a
^^F.R .M ayo and W .B .H a r d y ,J .Amer.C hem .S oc . , 1 9 5 2 ,7 4 ,9 1 1 .
^ ^ J .P .W ib a u t  e t  a l . , R e c . T r a v . c h im .P ay s  B a s , 1 9 4 9 ,6 8 ,5 2 5 ;  
i b i d . , 1 9 5 0 ; £ 9 , 5 7 7 .
A .H a le v i  e t  a l . . J .C h e m .S o c . , 1 9 5 7 ,5 0 8 8 .
^^W .R .O rd n o ff  and  C .B .M a ÿ e r ,A m .C hem .J ., 1 5 9 7 ,1 9 ,2 6 2 .
^ A .L a u r e n t ,A n n .C h i m .P h y s . , l 8 3 3 ; 5 £ , 275; E . F i s c h e r , B e r . ,  
1 8 7 8 ,1 2 ,7 3 5 .
^® F.SchU tz and K .H a h n f e l d ,B e r . , 1 9 5 2 , ^ , 1 3 1 .
^®M.M ü l l e r ,M o n a ts h . ,  1953 , ^ ,  6 4 0 .
^ ^ R . R i e m s c h n e i d e r  a n d  W.K o h n e n , M i t t  . P h y s i o l  . - c h e m . I n s t . ,
R .3 2 , I I I , 1 9 4 9 .
"^^P.B.D.de l a  Mare e t  a l . .  J  .C h em .S o c . , 1 9 6 6 /B , 827 .
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m a jo r  p r o p o r t i o n  o f  th e  s t e r o i s o m e r • L i g h t - c a t a l y = 
sed  a d d i t i o n  i n  c a rb o n  t e t r a c h l o r i d e  a f f o r d s  a  m ix tu r e
o f  i s o m e r s ,  among w h ic h  a  y -  and a  € ^ t e t r a c h l o r i d e
41 ^w ere  o b t a in e d  • How t h e i r  s t r u c t u r e s  have  b e e n  e s t a b =
l i s h e d  w i l l  be r e p o r t e d  i n  th e  n e x t  c h a p t e r .
O r i e n t a t i o n  o f  th e  e n t e r i n g  h a lo g e n  i n  s u b s t i t u t e d
n a p h t h a l e n e  n u c l e i  s h o u ld  f o l l o w  th e  same p a t t e r n  a s
8p r e v i o u s l y  p r e d i c t e d  ( s e e  p a r a g r a p h  5 .2 )  . C o n s id e r a b le  
e x p e r i m e n t a l  e v id e n c e  shows t h a t  b ro m in e  and  c h l o r i n e  
s u b s t i t u t e  a c c o r d i n g  th e  p o s i t i o n  and o r i e n t i n g  pow er
o f  th e  g ro u p  a l r e a d y  p r e s e n t  on t h e  n u c l e u s .  T h u s4 h a l=
42 43o g e n o n a p h th a le n e s  , a c e n a p h th e n e  , 1 -p h e n y ln a p h th a =
44l e n e  , g iv e  m a in ly  t h e  s t r u c t u r a l l y  a n a lo g o u s  p r o d u c t s  
o f  s u b s t i t u t i o n .
S i m i l a r l y ,  e l e c t r o p h i l i c  s u b s t i t u t i o n  i n  1 -  and
2 - m e th y ln a p h th a le n e  w ould  be e x p e c te d  t o  o c c u r  m a in ly  
i n  th e  4 -  and 1 - p o s i t i o n  r e s p e c t i v e l y ,  s i n c e  t h e y  a r e  
a c t i a v a t e d  by  th e  m e th y l  g ro u p  a s  w e l l  a s  by  th e  an= 
n e l a t e d  r i n g .
C h l o r i n a t i o n  o f  t h e s e  h y d r o c a r b o n s  was r e p o r t e d  to  g iv e
^ P .B .D . de l a  Mare a n f  J . H . R i d d . , l o c . c i t . , p p . 1 7 6 -1 8 1 .
^^P .B .B ?  de l a  Mare and  P.W. R o b e r t s o n ,J .C h e m .S o c . ,  
1 9 4 8 , 1 0 0 .
^^G .T .M organ  and H .M .S t a n l e y , J .S o c . c h e m . I n d . , L o n . , 
1 9 2 4 ,4 3 ,3 4 3 1 ;  i b i d . , 1 9 2 5 , 4 4 , 49 3 T .
"^^R.Weiss and K .W oidich ,M h.C hem . ,1 9 2 5 ,4 6 ,4 5 3  .
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l - c h l o r o - 4 - m e t h y l n a p l i t l i a l e n e  and l - c h lo r o - 2 - m e th y ln a p i i=
45t h a ï e n e , w h e th e r  c h l o r i n e  i n  th e  s u n l i g h t  o r  s u l p h u r y 1 
46c h l o r i d e  i s  u s e d .
C h l o r i n a t i o n  a t  room t e m p e r a t u r e ,  ho w ev e r, g i v e s  a  mix=
t u r e  o f  p r o d u c t s  i n  b o t h  c a s e s ;  S c h e r l e r ' s  d e s c r i p t i o n
o f  th e  r e a c t i o n  f o r  1 - m e t h y l n a p h t h a l e n e , w h ic h  he c a r=
r i e d  o u t  i n  th e  h y d ro c a rb o n  a s  i t s  own s o l v e n t ,  c l e a r l y
s u g g e s t  t h a t  th e  p r o d u c t s  o f  s u b s t i t u t i o n  a r e  ac co m p a n ied
by u n s t a b l e  a d d i t i o n  com pounds, d e s p i t e  th e  f a c t  t h a t
th e  o n ly  p u re  s u b s t a n c e  he r e c o v e r e d  f ro m  th e  r e a c t i o n
45m ix tu r e  was a  1 - m e t h y l - t r i c h l o r o n a p ^ t h a l e n e  . L ik e w is e ,  
t r e a t m e n t  o f  2- m e th y l n a p h th a le n e  w i t h  e x c e s s  o f  c h l o r i n e  
i n  c h lo r o f o r m  was shown to  g iv e  a  l - c h l o r o - 2 - m e t h y l n a p h =  
t h e l e n e  t e t r a c h l o r i d e ,  w h ic h  on a l k a l i n e  d e h y d r o c h l o r in a =  
t i o n  gave 1 , 3 , 4 - t r i c h l o r o - 2 - m e t h y l n a p h t h a l e n e . The p r e s =  
ence  o f  o t h e r  a d d u c t s  i n  th e  p r o d u c t  o f  c h l o r i n a t i o n  c a n  
be d ed u ced  by  th e  i s o l a t i o n  o f  a  t e t r a c h l o r o -  and  o f  a  
d i c h l o r o - n a p h t h a l e n e  a f t e r  a l k a l i n e  h y d r o l y s i s  o f  th e  
c ru d e  r e a c t i o n  m i x t u r e .
C o n v e r s e ly ,  by c h l o r i n a t i o n  o f  b o i l i n g  1 -  and 2 - m e th y l ­
n a p h t h a l e n e  i t  i s  p o s s i b l e  t o  o b t a i n ,  among o t h e r  p ro d =  
u c t s ,  1 -  and 2 - c h lo r o m e t h y ln a p h t h a l e n e  r e s p e c t i v e l y ^ " ^ ’
^ ^ 0 . 8 c h e r l e r , B e r . , 1 8 9 1 ,2 4 ,3 9 2 1 .
"*■^ 1. G . F a r b e n i n d . ,DEP, 4 95331 /1925  ; th r o u g h  B e i l s t e i n . E I l / 5 , 
4 6 1 ,4 6 3 .
^ ”^ W .W lslioenus  and H .W r e n ,B e r . ,1 9 0 5 ,3 9 ,5 0 2 ♦
^ ^ 0 .A chm atow icz and  K .L in d e n f e ld ,H o c z n ik i  C h e m .,1938 ,
1 8 ,6 9 .
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i t  i s  m o s t l i k e l y  t h a t  t h e s e  s i d e - c h a i n  s u b s t i t u t i o n
49p r o c e s s e s  o c c u r  by an  h o m o ly t ic  m echanism
F i n a l l y ,  a d d i t i o n  p r o d u c t s  f ro m  n a p h t h a l e n e  c h lo =  
r o d e r i v a t i v e s  have b e e n  o c c a s i o n a l l y  d e s c r i b e d  i n  th e  
l i t e r a t u r e a s  b y - p r o d y c t s  o f  s u b s t i t u t i o n  r e a c t i o n s ,  
b u t  th e  e x a c t  e x p e r i m e n t a l  c o n d i t i o n s  a r e  d i f f i c u l t  t o  
r e p r o d u c e •
6 .  STEREOCHEMISTRY IN CYCLOHEXENE AND TETRAHYDRO- 
NAPHTHALENE SYSTEMS.
6 .1  SOME ASPECTS OF THE STEREOCHEMISTRY OF RING 
'5 3 , 5 4 , 5 5 , 5 6
S t e r e o c h e m i s t r y  d e a l s  w i t h  th e  t h r e e - d i m e n s i o n a l  
s t r u c t u r e  o f  m o le c u l e s ,  and r e l a t e s  th e  i n f l u e n c e  o f
AQ
G .H .W i l l i a m s ,“H o m o ly tic  A ro m a tic  S u b s t i t u t i o n ” ,P e r=  
gamon P r e s s , O x f o r d , 1 9 5 6 .
. W id m a n ,B u ll . S o c . Chim. , 1 8 7 ? C 3 ,2 8 ,5 0 5 .
^ ^ . G . T u r n e r  and  W.P.Wynne. J  .C h em .S o c . ,  1 9 4 1 ,243  »
52 I .G .H .C a m p b e l l , " S t e r e o c h e m i s t r y  o f  C arbon  Compounds" 
i n  R o d d * s ," C h e m is t ry  o f  C arbon  Com pounds",2 n d  E d . ,  
E l s e v i e r ,A m s te r d a m ,1 9 6 4 ,V o l . I / A , p p . 2 0 1 -2 2 5 .
E . L . E l i e l , " S t e r e o c h e m i s t r y  o f  C arbon  Com pounds", Me 
Graw- H i l l , N e w  Y o rk ,1 9 6 2 ,C h a p te r s  5 , 6 , 7 , 8 , 1 2 .
^^W .K line and P .D .D .d e  l a  M a r e ( E d s J , " P r o g r e s s  i n  S t e r e o ­
c h e m is t r y "  , B u t t e r w o r t h s , L o n d o n ,1 9 5 4 ,V o l . 1 , C h a p te r 2 ; 
V o l . 2 .
^ ^ E . L . E l i e l , N . L . A l l i n g e r , S . J . A n g y a l , a n d  G .A .M o rr iso n ,  
" C o n fo r m a t io n a l  A n a l y s i s " , I n t e r s c i e n c e , New Y o rk ,1965 , 
C h a p te r s  2 , 3 , and 4 .
^^M .Hanack, " C o n f o r m a t io n a l  T heory"  , Academic P re ss ,N e w  
Y o r k ,1 9 6 5 ,C h a p te r s  2 , 3 , and 4 .
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m o le c u l a r  c o n f i g u r a t i o n  and c o n f o r m a t io n  t o  th e  p h y s i c a l  
and  c h e m ic a l  p r o p e r t i e s  o f  o r g a n i c  com pounds.
The te rm  c o n f i g u r a t i o n  i n d i c a t e s  th e  r e l a t i v e  a r=  
ra n g m e n t  i n  sp a c e  o f  a tom s o f  g r o u p s ,  w h ic h  c h a r a c t e r i z e  
a  p a r t i c u l a r  s t e r e o i s o m e r  i n  te rm s  o f  bond d i s t a n c e s ,  
bond a n g l e s ,  and d i h e d r a l  a n g l e s .  I n  t u r n ,  any  one o f  
th e  p o s s i b l e  n o n - i d e n t i c a l  d i s p o s i t i o n s  w h ic h  a  m olecu=  
l e  c a n  assum e th r o u g h  r o t a t i o n  o r  t w i s t i n g  a b o u t  one o r  
more s i n g l e  bon d s  i s  d e s i g n a t e d  a s  a  c o n f o r m a t io n  o f  th e  
m o le c u l e .  C o n s e q u e n t ly ,  a lm o s t  a l l  m o le c u le s  have  an  
i n f i n i t e  num ber o f  c o n f o r m a t i o n s ,  b u t  f o r t u n a t e l y  o n ly  
a  few  o f  t h e s e  w i l l  be e n e r g e t i c a l l y  p r e f e r r e d .
F o r  c h a r a c t e r i z a t i o n  o f  a n  o r g a n ic  m o le c u le ,  th e  
c o n f o r m a t io n  i s  t h e r e f o r e  j o i n e d  w i t h  i t s  c o n s t i t u t i o n  
and c o n f i g u r a t i o n  a s  a  t h i r d  i m p o r t a n t  c r i t e r i o n .  The 
i n t e n s i v e  r e s e a r c h e s  c a r r i e d  o u t  i n  t h i s  b r a n c h  o f  
s t e r e o c h e m i s t r y  have  d e te r m in e d  -  b e s i d e s  o t h e r  a c h ie v e =  
m e n ts  -  r a p i d  a d v a n c e s  i n  u n d e r s t a n d i n g  th e  n a t j i r e  o f  
a l i c y c l i c  s y s t e m s .
Among them , th e  c y c lo h e x a n e  r i n g  o c c u p ie s  a  cen=  
t r a l  p o s i t i o n ,  b e c a u s e  many o f  th e  i m p o r t a n t  f a c t s ,  a s  
th e  r e l a t i o n s h i p  b e tw e en  c o n f o r m a t io n  and i t s  e f f e c t s  
on r e a c t i v i t y  and  m ech an ism s, have  b e e n  o b ta in e d  f ro m  
i t .  I t  i s  w e l l  known t h a t  c y c lo h e x a n e  and i t s  d e r i v a t i =  
v e s  e x i s t  a t  room t e m p e r a tu r e  a lm o s t  e n t i r e l y  i n  th e  
s y m m e tr ic a l  c h a i r  fo rm  ( X V I I - a ) ,  w h ich  i s  the rm odyna=  
m i c a l l y  more s t a b l e  t h a n  th e  b o a t  fo rm  ( X V I I -b ) ,  b e c a u s e
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n o n -b o n d ed  i n t e r a c t i o n s  a r e  a t  a  minimum i n  i t .  A t h i r d  
p o s s i b i l i t y ,  th e  skewed fo rm  ( X \ r i l - c ) ,  h a s  b e e n  reo :en t=  
l y  p r o p o s e d .
e
(X V II-a )
I n  th e  c h a i r  fo rm , two t y p e s  o f  d i f f e r e n t  bonds  
f ro m  e a c h  c a rb o n  atom  to  th e  s u b s t i t u e n t ,  a r e  p o s s i b l e ;  
th e  s i x  a x i a l  ( a )  and  s i x  e q u a t o r i a l  ( £ )  bon d s  d i f f e r  
i n  t h e i r  g e o m e tr ic  r e l a t i o n s h i p  t o  t h e  t r i g o n a l  a x i s  o f  
t h e  r i n g ,  b e i n g  r e s p e c t i v e l y  p a r a l l e l  o r  a t  a n  a n g le  o f  
c a . 109°  to  i t .  S in c e  th e  c y c lo h e x a n e  r i n g  i s  q u i t e  f l e x =  
i b l e  and  th e  e n e rg y  b a r r i e r  t o  i n t e r c o n v e r s i o n  o f  one 
c h a i r  c o n f o r m a t io n  t o  a n o t h e r  i s  s m a l l  ( c a .10  k c a l / m o l e ) ,  
i t  i s  r a t h e r  e a s y  f o r  th e  m o le c u le  t o  " f l i p  o v e r"  and i n  
d o in g  so  a x i a l  and  e q u a t o r i a l  s u b s t i t u e n t s  i n  th e  o r ig =  
i n a l  c h a i r  become e q u a t o r i a l  and a x i a l  r e s p e c t i v e l y ,  i n  
th e  new c o n f o r m a t io n :
B o th  c h a i r  fo rm s  may o r  may n o t  be i d e n t i c a l  w i t h  
t h e  o r i g i n a l  c o n f i g u r a t i o n  d e p e n d in g  on th e  n a t u r e  o f  
th e  s u b s t i t u e n t s  i n  th e  m o le c u l e .  W hether  a  compound 
e x i s t s  e x c l u s i v e l y  i n  one fo rm  o r  th e  p t h e r ,  o r  a s  an
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e q ^ u i l i b r i u m  m i x t u r e ,  w i l l  depend  on th e  e n e rg y  c o n t e n t  
r e s u l t i n g  f ro m  s t e r i c  and  e l e c t r o n i c  f a c t o r s .
I n  a  m o n o - s u b s t i t u t e d  d e r i v a t i v e , t h e  s u b s t i t u e n t  may 
occupy  an  a x i a l  o r  e q u a t o r i a l  p o s i t i o n ;  th e  f o rm e r  imp 
p l i e s  c l o s e r  p r o x i m i t y  to  th e  a x i a l  h y d ro g e n s  on th e  
same s i d e  o f  th e  r i n g  ( 1 , 3 - i n t e r a c t i o n s ) t h a n  th e  equa=  
t o t i a l  one t o  th e  a d j a c e n t  e q u a t o r i a l  o r  a x i a l  h y d ro g e n s  
( 1 , 2 - i n t e r a c t i o n s )  :
B ecause  o f  t h e s e  i n t e r a c t i o n s ,  a  s u b s t i t u e n t  l a r g e r  t h a n
h y d ro g e n  m ig h t  be e x p e c te d  to  in d u c e  th e  m o le c u le  t o
ta k e  up  and r e m a in  p r e d o m in a n t ly  i n  th e  c o n f o r m a t io n
57w i t h  th e  s u b s t i t u e n t  i n  th e  e q u a t o r i a l  p o s i t i o n  
However, th e  e n e rg y  b a r r i e r  b e tw e e n  th e  two c h a i r  fo rm s  
i s  s m a l l  enough  to  a l lo w  th e  e x i s t e n c e  o f  b o t h  fo rm s  i n  
e q u i l i b r i u m .
55 56The s i t u t a t i o n  becom es more c o m p l ic a te d  * w i t h  
th e  i n t r o d u c t i o n  o f  more t h a n  one s u b s t i t u e n t  i n  t h e
0 . K a s s e l ,Q u a r t .H e v . , 1 9 5 3 , 7 , 2 2 1 .  
E . L . E l i e l  e t  a l . , l o c . c i t . , page  5 0 . 
^ ^ M .H a n a c k , l o c . c i t . , p p . l 0 4 -  and 1 0 6 .
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c y c lo h e x a n e  r i n g ,  and l e a d s  t o  t h e  a  p r o g r e s s i v e  i n c r e =
m ent i n  th e  number o f  p o s s i b l e  c o n f i g u r a t i o n a l  and  con=
58f o r m a t i o n a l  i s o m e r s .  F o r  exam ple  , t h e r e  a r e ^ ta to  t e n  
t h e o r e t i c a l l y  p o s s i b l e  c o n fo rm e ra  f o r  a  l , 2 , 3 , 4 - t e t r a =  
s u b s t i t u t e d  c y c lo h e x a n e ,  e v e n  a l l o w i n g  f o r  some s e m p li=  
f i c a t i o n ;  b u t ,  on th e  b a s i s  o f  r i n g  i n t e r c o n v e r s i o n s ,  
th e  num ber o f  s e p a r a b l e  fo rm s  ( c o n f i g u r a t i o n a l  i s o m e r s )  
i s  r e d u c e d  t o  s i x  :
1 eeee^ in i ( a a a a ) me so
2 eeea^= ^  ( a a a e  ) d , l
3 eeae:;;=± '(aaea) d ; l
4 eaae:^=±- a e e a me so
5 e e a a d , l
6 e a e a d , l
The e n a n t i om o rp h id  fo rm s  o f  e e a a  and  e a e a  a r e  e a c h  t r a n s =
fo rm ed  i n t o  e a c h  o t h e r  by r i n g  c o n v e r s i o n ,  and h en ce  may
s tn o t  be c h e m ic a l l y  s e p a r a t e d ;  i n s t e a d ,  th e  i s o m e r s  1 t o  
4^^  e x i s t  a s  in d e p e n d e n t  m i r r o r  im age f o r m s .  A p a r t  f ro m  
th e  ty p e  and s i z e  o f  s u b s t i t u e n t ,  one w ou ld  e x p e c t  t h a t  
t h e  b r a c k e t e d  fo rm s  a r e  l e s s  s t a b l e ,  ow ing t o  1 , 3 - d i a x i a l  
r e p u l s i o n s .
A l th o u g h  th e  s t e r i c  d i s t r i b u t i o n  o f  i s o m e r i c  c y c lo =  
h ex an e  d e r i v a t i v e s  a c t u a l l y  o b s e rv e d  may be a c c o u n te d  f o r  
a d e q u a t e l y  i n  te rm s  o f  an  h i g h e r  the rm odynam ic  s t a b i l i t y  
o f  th e  e q u a t o r i a l  c o n fo rm e r ,  th e  m o le c u le  may r e a c t  i n  
e i t h e r  c o n f o r m a t io n ,  s i n c e  th e  i s o m e r i z a t i o n  b a r r i e r  i s
^ ^ H .D .O r lo f f .C h e m .R e v . ,1 9 5 4 .5 4 .3 4 7 .
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much l e s s  t h a n  th e  a c t i v a t i o n  e n e r g i e s  f o r  m o s t r e a c =  
t i o n s .  T h is  a l s o  a p p l i e s  t o  th e  g e n e r a l l y  l e s s  s t a b l e  
b o a t  fo rm .
6 .2  CYCLOHEXANE SYSTEMS CONTAINING TRIGONAL RING 
CARBONS^^’ ®^
2
When a  s ix -m e m b ered  r i n g  c o n t a i n s  &£ h y b r i d i s e d  
c a rb o n  a to m s , a s  i n  c y c lo h e x e n e ,  i t s  c o n f o r m a t io n  i s  
t h a t  o f  an  " h a l f - c h a i r " ; th e  t r i g o n a l  (C^ and C^) and  
th e  a l l y l i e  (C^ and C^) a tom s a r e  i n  a  p l a n e ,  w h e re a s  
c a rb o n  atom s 5 and 6 l i e  above and b e low  t h i s  p l a n e . 
Two r e a d i l y  i n t e r c h a n g e a b l e  en a n t i om ers r e s u l t ,  de= 
p i c t e d  i n  (X V II l )  a s  p r o j e c t i o n  f o r m u l a e .
An e n e r g e t i c a l l y  l e s s  f a v o u r a b l e  " h a l f - b o a t "  conform a=  
t i o n  (XIX) i s  a l s o  p o s s i b l e  f o r  c y c lo h e x e n e  ( A E  =
2 .7  k c a l / m o l e ) .
(X V III )
^ ^ E . L . E l i e l , l o c . c i t . , p p . 1 0 9 -1 1 2 .  
^ ^ M .H a n a c k , lo c .c i t . , p p . 1 4 6 -1 4 8 .
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(XIX)
True a x i a l  ( a )  and  e q u a t o r i a l  ( e )  bonds a r e  fo u n d  
o n ly  a t  and  0 ^ ;  th e  bonds a t  and a r e  im p e r f e c =  
t l y  s t a g g e r e d  and o r i e n t e d  to w a rd s  p s e u d o - a x i a l  ( a * ) 
and p s e u d o - e q u a t o r i a l  ( e * )  p o s i t i o n s .  The few  d a t a  a= 
v a i l a b l e  i n  th e  l i t e r a t u r e  p e r i m i t  no s u r e  c o n c l u s i o n s  
a b o u t  th e  d i f f e r e n c e s  i n  s t a b i l i t y  o f  s u b s t i t u e n t s  i n
th e  je o r  e* and a  o r  a* p o s i t i o n s  on th e  c y c lo h e x e n e
59 60r i n g  ; h o w ev e r,  i t  h a s  b e e n  fo u n d  t h a t  s u b s t i t u e n t s
i n  t h e  e and £* s h o u ld  be more s t a b l e  t h a n  th o s e  i n  th e
a  and  a* p o s i t i o n s .
The sh a p e  o f  th e  a l i c y c l i c  r i n g  i n  t e t r a l i n  (XX)
i s  a n a lo g o u s  t o  t h a t  i n  c y c lo h e x e n e ^ ^ .  As a  r e s u l t ,  th e
C and 0 a tom s l i e  i n  th e  same p la n e  a s  th e  a r o m a t i c
-L  4"
r i n g .
(XX)
^ % . l . G o e r i n g  e t  a l . . J .A m e r .C h e m .S o c . .  1 9 6 6 ,7 8 .4 9 2 6 .
^^W .G.Dauben and  K . S . P i t z e r , C o n f o r m a t i o n a l  A n a l y s i s ,
i n  M .S .N e w m a n p E d .,"S te r ic  E f f e c t  i n  O rg a n ic  C h e m is t ry " ,  
W iley,N ew  Y o rk ,1 9 5 6 ,p p . 3 8 - 3 9 .
^ ^ G .D re h fa h l  e t  a l . , B e r . ,1 9 5 8 ,9 1 ,2 6 6 ;  i b i d . , I 9 6 0 ; 9 1 ,2 4 9 7 .
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U n le s s  f i x e d  i n  some way by f u s i o n  t o  o t h e r  r i n g s ,  in =  
t e r c o n v e r s i o n  o f  th e  two h a l f - c h a i r  c o n f o r m a t io n s  oc= 
c u r s  and  a l lo w s  and to  " f l i p "  a l t e r n a t i v e l y  above 
and  be low  t h i s  p l a n e ;  t h e  a m p l i tu d e  o f  th e  e x c u r s i o n  
h a s  b e e n  r e p o r t e d  to  be a b o u t  0 . 3 4 - 0 . 4 0  w i t h  r e s p e c t  
to  t h e  mean p la n e  o f  th e  m o le c u le ;  th e  b a r r i e r  t o  in =  
v e r s i o n  i s  n o t  known a t  th e  p r e s e n t  t im e .
6 .3  TETRASUBSTITUTED CYCLOHEXENE AND TETHAHYDROM
58NAPHTHALENE DERIVATIVES.
The same d e s c r i p t i v e  sym bo ls  and e q u i l i b r i u m  r e =  
l a t i o n s h i p s  c o n s i d e r e d  above f o r  t h e  i s o m e r i c  1 , 2 , 3 , 4 -  
t e t r a s u b s t i t u t e d  c y c lo h e x a n e s ,  may be a p p l i e d  t o  th e  
b e n z e n e  and n a p h t h a le n e  t e t r a h a l i d e s ; a s  p o i n t e d  o u t  
i n  t h e  p r e v i o u s  p a r a g r a p h ,  th e  sh a p e  o f  t h e  m o le c u le  
o f  n e c e s s i t y  w i l l  d i f f e r ,  d e p e n d in g  on r i n g  u n s a t u r a =  
t i o n .
The s t e r i c  s t r u c t u r e s  o f  th e  f i v e  i s o l a t e d  i s o m e r s
o f  b e n z e n e  t e t r a c h l o r i d e s ,  have  b e e n  e s t a b l i s h e d  th r o u g h
f u r t h e r  c h l o r i n a t i o n ,  a s c e r t a i n i n g  w h ic h  i s o m e r s  o f  t h e
62known b e n z en e  h e x a c h l o r i d e s  w ere  fo rm ed  : .
• / •
^ ^ H . D . O r l o f f , l o c . c i t . , p . 3 8 l .
^ ^ H .D .O r lo f f  e t  a l . ,  J . A m er.Chem.S o c . . 1 9 5 3 .7 5 .4 2 4 3 .
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C o n fo rm a t io n
a l p h a
b e t a
gamma
d e l t a
e p s i l o n
unknown
e *eaa*
a*eea* e *-aae * 
e *eea* 
e * eee  • 
e * e a e • 
e *aea*
A n a p h t h a l e n e  t e t r a c h l o r i d e  may he c o n s i d e r e d  a
h e x a s u b s t i t r a t e d  c y c lo h e x a n e  d e r i v a t i v e  i n  w h ic h  a  ben=
zene  r i n g  i s  a t t a c h e d  to  th e  o l e f i h i c  c a rb o n  a to m s .
F o u r  o f  th e  s i x  p o s s i b l e  g e o m e t r ic  i s o m e r s  have  b e e n  
( 3e) , and  t h e i r  s t r u c t u r e s  a s s i g n e d ,  m a in lyc h a r a c t e r i s e d
63on th e  b a s i s  o f  k i n e t i c  d e h y d r o c h l o r i n a t i o n  d a t a  and
41n u c l e a r  m a g n e t ic  r e s o n a n c e  s p e c t r a  a n a l y s i s
Of t h e s e  i s o m e r s ,  th e  a l p h a - f o r m  i s  known fro m  
64X -ra y  d i f f r a c t i o n  to  have  th e  c o n f i g u r a t i o n  i n d i e a =  
t e d  d i a g r a m m a t i c a l l y  a t  (X X I-a) and th e  c o n f o r m a t io n  
(X X I-b) i n  t h e  s o l i d  s t a t e ,  a® r e s u l t s  f ro m  th e  bond 
d i s t a n c e s  and a n g l e s  o f  T a b le  I .
^*^A f i f t h  h a s  a l s o  b e e n  d e s c r i b e d ^ ^ ,  a l t h o u g h  o t h e r
i n v e s t i g a t o r s  have  n o t  s u c c e d e d  so  f a r  i n  o b t a i n i n g  i t .
^ ^ P .B .D . de l a  Mare e t  a l . , J .C h e m .S o c . /B ,  1 9 6 6 ,8 3 4 .
. A .L a sh e e n ,  A c ta  C r y s t 1952 ,_5,5 9 3 .
de l a  Mare e t  a l . , l o c . c i t . ,  and r e f e r e n c e s  
t h e r e i n .
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H
Li
(X X I-a)
C l
Cl
Cl
H C l
C l
H
(X X I-b)
T a b le  1» G e o m e tr ic a l  p a r a m e te r s  f o r  n a p h t h a l e n e - o C - t e  
t r a c h l o r i d e .
Bond len^^ \;^ ,A ^ V a le n c y  a n g l e s
AB 1 .3 8 6 ABC 120»
BC 1 .4 0 7 BCD 120»
CD 1 .4 0 5 CDS 120»
BE 1 .3 8 6 CDI 113»
EE 1 .5 4 9 EDI 127»
EG 1 .5 5 1 D IC l 105»
GH 1 .5 4 5 DIE ^ 106»
ECl 1 .8 0 8 C l IH 108°
GCl 1 .7 9 6 IHCl 111»eL IHG ^ .117®
C1,HG 113»
Cl^Cl
The s t r u c t u r e  o f  n a p h t h a l e n e -  - t e t r a c h l o r i d e  i s  e s t a b =  
l i s h e d  by dits p . m . r .  s t e c t r u m ;  o n ly  one c o n f i g u r a t i o n  
(X X II-a )  and c o n f o r m a t io n  ( X X I I - b ) ^ * \  w i t h  a l l  f o u r  
c h l o r i n e  a tom s e q u a t o r i a l  o r  p s e u d o - e q u a t o r i a l ,  i s  con= 
s i s t e n t  w i t h  th e  e x p e r i m e n t a l  d a t a -
^ * ^ I t  i s  a s s u jn e d ^ ^ th a t  t h e  r e l a t i v e l y  u n s t r a i n e d  " p s e u d o ­
c h a i r ” fo rm  o f  th e  c y c l o h e x e n e - l i k e  s y s te m ,  i s  f a v o u r  
ed i n  a l l  compounds o f  t h i s  t y p e .
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The p o s i t i o n s  o f  s u b s t i t u e n t s  i n  th e  d e l t a - i s o m e r  a r e  
a s  d e p i c t e d  i n  ( X X I I I - a )  o r  ( X X I I I - b ) ,  w h e re a s  th e  
e p s i l o n - i s o m e r  (XXIV-a) s h o u ld  be a  r a p id i ty  e q u i l i b r a =  
t i n g  m i x t u r e ,  w i t h  th e  e n a n t io m o rp h ic  c o n f o r m a t io n s  
(XXIV-b) and (XXIV-c) p r e s e n t  i n  e q u a l  a m o u n ts .
(X X II-a )
H
0 1
01
01
H
(X X II-b )
( X X I I I - a )
H
01
01
01
H
(X X II I -b )
(XXIV-a)
01
01
01
(XXIV-b)
01
H
An a c e t o x y t r i c h l o r o  a d d u c t ,  i s o l a t e d  f ro m  th e  c h l o r i n a =  
t i o n  m ix tu r e  o f  n a p h th a le n e  i n  a c e t i c  a c i d ,  h a s  a  s t r u c :
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t i i r e  (XXV) , a n a lo g o u s  to  t h a t  o f  th e  d e l  t a - t e  t r a c h l o =  
r i d e .
H
C l
0 AcCl
C l
H
(XXV)
F i n a l l y ,  a  few more p o ly h a lo g e n o  a d d u c t s  r e l a t e d  
t o  th e  t e t r a h y d r o n a p h t h a l e n e  sy s te m  a r e  r e p o r t e d  i n  
th e  l i t e r a t u r e ;  h u t ,  t h e i r  s t e r e o c h e m i s t r y  and mecha= 
nâsm s o f  f o r m a t i o n  have  n e v e r  b e e n  i n v e s t i g a t e d .
T ab le  2 l i s t s  dome o f  t h e s e  c h l o r i n e  a d d i t i o n  p r o d u c t s ,  
t o g e t h e r  w i t h  th e  s t a r t i n g  1 - ,  2 - ,  and 1 , ^ - s u b s t i t u t e d  
n a p h t h a l e n e s •
C o n c lu d in g ,  i t  i s  w o r th  m e n t io n in g  h e r e  t h a t  th e  
s t r u c t u r e s  :
(XXVI-a) £X X V II-a)
c o r r e s p o n d in g  to  th e  c o n fo rm ée s  :
H H
'H and
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have n e v e r  b e e n  so  f a r  e n c o u n te r e d  i n  t h e  n a p h th a le n e  
s e r i e s •
T ab le  2 . A d d i t io n  p r o d u c t s  f ro m  c h l o r i n a t i o n  o f  :
1 - C h lo r o n a p h th a l e n e ^^*
X X V III) 1 , 1 , 2 , 3 , 4 - p e n t a c h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a =
l e n e .
XXIX) 1 , 1 , 2 , 3 , 4 , 4 - h e x a c h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a =  
l e n e .
1 , 4 - D i c h l o r o n a p h t h a l e n e ^ ^ '
XXX) 1 , 2 , 3 , 4 , 5 , 8 - h e x a c h l o r o - l , 2 , 3 , 4 - t e  t r a h y d r o n a p h th a l e n e
452-Me t h y l n a p h t h a l e n e
X X X I) 1 , 1 , 2 , 3 , 4 -p e  n t a c h l o r o - 1 , 2 , 3 , 4 - t e t r a h y d r o-2-m e t h y l ­
n a p h th a le n e  .
N a p h th a le n e - 2 - s u lp h o n y l  c h l o r i d e
XXXII) 1 , 2 , 3 , 4 - t e  t r a c h l o r o - 1 , 2 , 3 , 4 - t e t r a h y  d ro n a p h th a =  
l e n - 6 - s u l p h o n y l  c h l o r i d e .
66N-Ace ty l - 2 - n a p h t h y l a m i n e
X X X III) N - A c e t y l - 1 ,1 , 2 , 3 , 4 - p e n t a c h l o r o - 1 , 2 , 3 , 4 - t e t r a =  
h y d r o - 2 - n a p h th y l a m i n e .
XXXIV) N -A c e ty l - 1 - b ro m o - 1 ,2 , 3 , 4 - t e t r a c h l o r o - 1 , 2 , 3 , 4 -  
t e  t r a h y  d r o - 2 - n a p h th y l a m i n e .
50 0 .W id m a n ,lo c . c i t • ;
51
E . G r . T u r n e r  a n d  W . P . W y n n e , l o c  . c i t . ;
45
0 . S c h e r l e r , l o c . c i t • ;
^ ^ O .W id m a n ,B e r . , l8 7 9 ,1 2 ,9 5 9  and 2228 .
C la u s  and 0 . J â o k , J . P r a k t . C h e m . , 1 8 9 8 / 2 / , ^ ,  1 3 .
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7 .  AIMS OF THE PRESENT STUDY.
T h is  I n t r o d u c t i o n  c o n s t i t u t e s  t h e  t h e o r e t i c a l  and 
d e s c r i p t i v e  b a c k g ro u n d  d i r e c t l y  r e l a t e d  t o  th e  w ork 
d i s c u s s e d  i n  th e  n e x t  two s e c t i o n s .
R e s e a rc h e s  on h a l o g é n a t i o n  w i t h  m o le c u l a r  c h l o r i n e  
o f  a  num ber o f  s u b s t i t u t e d  n a p h t h a l e n e s  have b e e n  c a r=  
r i e d  o u t  a s  a  c o n t i n u a t i o n  o f  p r e v i o u s  s t u d i e s  on th e  
f u n d a m e n ta l  h y d r o c a r b o n ,  i n  o r d e r  t o  f u r t h e r  e x te n d  th e  
p o s s i b i l i t i e s  o f  c o n c o m i ta n t  a d d i t i o n  and s u b s t i t u t i o n  
p r o c e s s e s  i n  a ro m a ty c  s y s t e m s .
S u b s t i t u t e d  n a p h t h a l e n e s  u n d e rg o  b o th  r e a c t i o n s  
t o  g iv e  s e v e r a l  p r o d u c t s  -  m o st o f  them  h i t h e r t o  u n re =  
p o r t e d  -  w h ic h  have  b e e n  i s o l a t e d  and c h a r a c t e r i s e d ;  
t h e i r  s t r u c t u r e s  and p re d o m in a n t  c o n f o r m a t io n s  have 
b e e n  a lm o s t  c o m p le te ly  e l u c i d a t e d  by p r o t o n  m a g n e t ic  
r e s o n a n c e  s p e c t r o m e t r y .
R e a c t io n  p a t h s  l e a d i n g  t o  t h e s e  p r o d u c t s  a r e  d i s c u s s e d .  
The r e s u l t s  show t h a t  r i n g - a c t i v a t i n g  and  - d e a c t i v a t i n g  
g ro u p s  p rom ote  a  mode o f  a d d i t i o n  w h ic h  d i f f e r s  i n  do= 
me im p o r t a n t  d e t a i l s  f ro m  th o s e  a d o p te d  by  th e  compounds 
p r e v i o u s l y  i n v e s t i g a t e d ,  and t h i s  th ro w s  some l i g h t  on 
th e  m echanism  o f  a d d i t i o n  r e a c t i o n s  i n  a r o m a t ic  s e r i e s .
I n  th e  p r e s e n t  s t u d y , i n t e r e s t  was p a r t i c u l a r l y  cen= 
t e r e d  on th e  a d d u c t s  f ro m  c h l o r i n a t i o n  o f  1 - ,  and  2-me= 
t h y l n a p h t h a l e n e ,  l - c h l o r o - 2 - m e t h y l n a p h t h a l e n e ,  and 
l - c h l o r o - 4 - m e t h y l n a p h t h a l e n e ,  w i t h  o r  w i t h o u t  a  s o l v e n t .  
A c c o rd in g ly ,  th e  p r o d u c t s  d i s t r i b u t i o n  was e s t i m a t e d  and
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t h e i r  p r o p e r t i e s  com pared w i t h  th o s e  o f  v a r i o u s  r e l a =  
t e d  p r o d u c t s .  F u r th e rm o re ,  th e  s y n t h e s e s  o f  some m odel 
compounds have  b e e n  a c c o m p l is h e d .
The r a t e s  and  p r o d u c t s  o f  a l k a l i n e  d e h y d r o c h l o r i=  
n a t i o n  o f  th e  m o st r e l e v a n t  t e t r a -  and p o l y - c h l o r i d e s  
have b e e n  i n v e s t i g a t e d  f o r  th e  f i r s t  t im e .  The r e s u l t s ,  
once com pared w i t h  th o s e  r e p o r t e d  f o r  th e  b en zen e  and 
n a p h th a le n e  t e t r a c h l o r i d e s ,  show some i n t e r e s t i n g  f e a =  
t u r e 8 ; w h i l s t  u s e f u l  a s  a  d i a g n o s t i c  t o o l  i n  s t r u c t u r e  
d e t e r m i n a t i o n ,  t h e y  p r o v id e  a l s o  more i n f o r m a t i o n  on 
th e  a c c e s s i b i l i t y  o f  th e  v a r i o u s  p o s s i b l e  modes o f  e= 
l i m i n a t i o n  i n  c y c lo h e x e n e  and d e r i v e d  s y s t e m s .
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SECTION I I  -  E X P E R I M E N T A L
8 . PRODUCTS AND SOLVENTS.
M ost o f  th e  s o l v e n t s  and s t a r t i n g  m a t e r i a l s  u s e d  
have b e e n  p u r i f i e d  a c c o r d in g  to  th e  g e n e r a l  p r o c e d u r e s ^  
d e s c r i b e d  i n  th e  l i t e r a t u r e .  T h e i r  p u r i t y  h a s  b e e n  
ch ecgked  w h e re v e r  p o s s i b l e  by v a p o u r - p h a s e  ch ro m a to g ra =  
p h y , and th e  p h y s i c a l  c o n s t a n t s  have b e e n  c o n t r o l l e d ,  
w i t h  r e f e r e n c e  to  th e  a c c e p te d  v a l u e s .
C h lo r in e  fro m  a  c y l i n d e r  ( l . C . I .  L t d . )  was f i r s t  
b u b b le d  th r o u g h  w a t e r  to  remove h y d ro g e n  c h l o r i d e  and 
th e n  th r o u g h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  d r y  i t .  
H ydrogen c h l o r i d e  was g e n e r a t e d  by d r o p p in g  c o n c e n t r a =  
t e d  s u l p h u r i c  a c i d  on to  ammonium c h l o r i d e . I t  was bub= 
b le d  th r o u g h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  be d r i e d .  
N a p h th a le n e , m .p .  and 2 - m e t h y l n a p h th a l e n e ,
w ere  p u r i f i e d  by  ch ro m a to g ra p h y  on s i l i c a  g e l  
o r  n e u t r a l  a lu m in a ,  and r e c r y s t a l l i z e d  f ro m  l i g h t  
p e t r o le u m  ( b . p .  4 0 /6 0 ° )  a n d / o r  aq u eo u s  e t h a n o l .
1 - M e th y l n a p h th a le n e , b . p .  1 1 0 - 2 ° / lO  mm, 1 - c h l o r o ­
n a p h th a le n e  , b . p .  2 6 2 ° /7 6 0  mm, and 1 -b ro m o n a p h th la n e , 
b . p .  2 8 2 ° /7 6 0  mm, w ere  r e d i s t i l l e d  f ro m  co m m erc ia l
s a m p le s .  P u re  1 - p h e n y ln a p h th a l e n e , b . p .  1 8 8 - 9 0 ° / lO  mm 
20and n^ 1 .6 6 4 6 ,  ( f ro m  A ld r i c h )  was u s e d  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n .
^*^A11 m .p .* s  a r e  u n c o r r e c t e d  , and  w ere d e te rm in e d  on 
a  K o f l e r  h o t - s t a g e  a p p a r a t u s .
^ A . I . V o g e l , " P r a c t i c a l  O rg an ic  C h e m is t r y " , Longmans, London 
3 rd  E d . ( 1 9 5 6 ) .
67
P O1 - E tb j^ ln a p h th a ï e n e , b . p ,  1 0 0 -2 ^ /2 5  mm and d^ =
1 . 0 1 9 , was s y n t h e s i z e d  by t r e a t i n g  1 -n a p h th y Im a g n e sium
2
brom ide  w i t h  d i e t h y l s u l p h a t e  . 1 -C h lo ro m e th y ln a p h th a = 
l e n e  was o b ta in e d  by th e  c h l o r o m é t h y l a t i o n  o f  n a p h th a =
l e n e ^ ; i t  h ad  b . p .  1 2 9 - 3 1 5  mm. l - C h l o r o - 4 - m e t h y l =
4 /n a p h ta h le n e  , b . p .  1 3 9 - 4 2 v H  mm, was p r e p a r e d  fro m
1 - m e th y I n a p h th a le n e  v i a  th e  4 - n i t r o - ^  and 4 -am in o -^
d e r i v a t i v e s .  A n a l y s i s :  C, 7 4 .6 ;  H, 5 .1 ;  C l ,  2 0 .2  . C a lc
f o r  C^^HgCl: C, 7 4 .8 ;  H, 5 .1 ;  C l ,  2 0 . 1 ? ^ l ^ t  fo rm ed a
p i c r a t e ,  m .p .  1 0 1 ^ .  l - C h l o r o - 2 - m e t h y I n a p h t h a l e n e , b . p .
1 5 9 -6 1 ^ /2 5  mm, was p r e p a r e d  f ro m  l - a m in o -2 -m e th y ln a p h =
t h a l e n e ,  m .p .  3 2 ^ , by th e  Sandm ayer p r o c e d u r e .  I t  gave
a  p i c t a t e ,  m .p .  106°  ( l i t ! ,  1 0 6 - 7 ° ) .
1 . 4 -D ic B i lo ro n a p h th a le n e  was s y n t h e s i z e d  a c c o r d in g  B eat=
o o
t ie fe  m ethod ; i t s  m .p .  was 6 6 -8 °  ( l i t . , 6 7 . 4 - 6 8 ° ) .
1 . 4 -D ib ro m o n a p h th a le n e , m .p . 8 2 - 3 ° ,  was o b ta in e d  by 
t r e a , t m e n t  o f  4 - b r o m o - l - n i t r o n a p h t h a l e n e  w i t h  p h o s p h o r=
^H .O ilm an and ? . G-.Hoyle, J  .Amer .Chem. S o c . ,  1 9 2 2 ,4 4 ,2 6 2 3  .
^ A .C a m b ro n ,C a n .J .R e s e a r c h ,1 9 3 9 , 1 7 /B , 1 0 .
4
5
^ J .S a u e r ,R .H u i s g e n ,a n d  A .H a u s e r ,B e r .  , 1 9 5 8 ,9GL, 146 .
H .W .Thom pson,J.Chem .Soc . , 1 9 3 2 ,2 3 1 0 .
^ R .L e s s e r ,A n n . , 1 9 1 4 , 4 0 2 ,3 3 1 .
'^O. S c h e r l e r , B e r . , 1 8 9 1 , ^ ,  3921 .
o
R .W .B e a t t ie  and F .C .W ith m o re , J .A m er .Chem.Soc . ,1 9 3 3 ,5 ^ ,  
15 4 6 .
^ ^ \ l l  e l e m e n ta l  m ic r o a n a ly s e s  w ere  c a r r i e d  o u t  a t  D r .  
A .B e rn h a rd t  M ik r o a n a l y t i s c h e s  L abora to rium ,W .G erm any
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9ous p e n ta b ro m id e  •
1
P u r i f i c a t i o n  o f  s o l v e n t s .
F o r  l a r g e  s c a l e  p r e p a r a t i v e  e x p e r im e n ts  a n a la R  
A c e t ic  a c i d  was u s e d .  F o r  q u a n t i t a t i v e  c h l o r i n a t i o n s  
and f o r  k i n e t i c  d e t e r m i n a t i o n s  p u re  a c e t i c  a c i d  (3 I t . )  
was r e f l u x e d  o v e r  g l a s s  w ool f o r  e i g h t  h o u r s  v / i th  po= 
ta s s iu m  d ic h ro rn a te  (106  g r . )  and th e n  d i s t i l l e d .  To 
th e  d i s t i l l a t e  was added  0 .2 ^  J 3 -n a p h th a le n e  s u lp h o n ic  
a c i d  and an  am ount o f  a c e t i c  a n h y d r id e  e q u i v a l e n t  to  
th e  w a t e r  p r e s e n t ^ ^ .  T h is  s o l u t i o n  was r e f l u x e d  f o r  
t h r e e  h o u r s  and th e n  d i s t i l l e d  on a n  e f f e c t i v e  Todd 
f r a c t i o n a t i n g  co lum n. T h e n c e t i c  a c i d  u s e d  f o r  m ost 
s t u d i e s ,  and a l l  r a t e  m e a su re m e n ts ,  had  f . p .  1 6 .5 8 °  
an d , t h e r e f o r e ,  c o n t a in e d  O.Ol^o w a t e r .  T h is  a c e t i c  a  
a c i d  was shown to  be f r e e  o f  i m p u r i t i e s  r e a c t i v e  to=  
w ard s  m o le c u la r  c h l o r i n e  by a  num ber o f  b la n k  d e te rm i=  
n a t i o n s .
C arbon  t e t r a c h l o r i d e . The r e a g e n t  g ra d e  m a t e r i a l  
was sh a k e n  w i t h  a l c o h o l i c  p o t a s h ,  w a t e r ,  and c o n c e n tr a :  
t e d  s u l p h u r i c  a c i d  i n  t h i s  o r d e r  u n t i l  th e  a c i d  l a y e r  
was n o t  d a r k e n e d .  I t  was t h e n  w ashed a g a in  w i t h  w a t e r ,  
d r i e d  w i t h  c a lc iu m  c h l o r i d e  and d i s t i l l e d :  b . p .  7 6 . 5 -
^ J o l i n ,  B u l l  .S o c .  Chim . P r . ,  1 8 7 7 /2  5 1 5 .
•0]
1
^ ° K . J . P . e ± t o n  and A . E . B r a d f i e l d . J . C h e m . S e e . , 1 9 2 7 .9 8 3 .
'A . I .V o g e l , l o c . c i t . , p . l 6 3 •
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1 1 ° / 1 60 mm.
C h lo ro fo rm . The r e a g e n t  g ra d e  m a t e r i a l  was w ashed f i v e  
o r  s i x  t im e s  w i t h  w a t e r ,  t h e n  d r i e d  w i t h  c a lc iu m  ch lo =  
r i d e ,  and d i s t i l l e d  im m e d ia te ly  b e f o r e  u s i n g  i t ;  b . p .  
6 1 ° /7 6 0  mm.
C arbon  d i s u l p h i d e  was p u r i f i e d  by s h a k in g  f o r  t h r e e  
h o u r s  w i t h  a  5 p o ta s s iu m  p e rm a n g a n a te  s o l u t i o n ,  t h e n  
f o r  tw ic e  a s  much i n  t im e  w i t h  m e rc u ry ,  and f i n a l l y  
w i t h  a  2 .5  s o l u t i o n  o f  m e r c u r ic  s u l p h a t e .  A f t e r  t r e a t :  
m ent w i t h  c a lc iu m  c h l o r i d e ,  i t  was f r a c t i o n a t e d  o v e r  a 
w a te r  b a t h  a t  5 5 -6 5 °  : b . p .  4 6 .5 °  a t  n o rm a l p r e s s u r e .  
P e t r o le u m  e t h e r , b e n z e n e , a c e t o n e , e t h e r , and m e th a n o l  
u s e d  w ere  a l l  a n a la R  q u a l i t y  s o l v e n t s .
C om parison  sa m p le s  o f  th e  i s o m e r ic  p a p h th a le n e
t e t r a c h l o r i d e s  have  b e e n  a l s o  s y n t h e s i s e d ,  and a c c o rd
w i t h  th e  p r o p e r t i e s  o f  th o s e  d e s c r i b e d  i n  e a r l i e r  in =
11 12v e s t i g a t i o n s  ’ ; th e y  have th e  s t r u c t u r e s ,  d e s ig n a =
t i o n s ,  and m e l t i n g  p o i n t s  i n d i c a t e d  on S e c t i o n  I -  § 6 . 3 ,  
w here  th e  p re d o m in a n t  c o n f o r m a t io n s  t a k e n  up  i n  s o lu =  
t i o n  a r e  a l s o  shown.
9 .  APPARATUS AND METHODS.
Compounds w ere  c h a r a c t e r i z e d  w henever  p o s s i b l e
^ ^ P .B .D . de l a  Mare e t  a l . , Chem.Comm., 1 9 6 5 ,4 8 3 .
1? P .B .D . de l a  M a r e , M . D . J o h n s o n ,J .S .L o m a s ,a n d  V .S anchez  
d e l  O lm o .J .C h em .S o c . ( B ) . 1 9 6 6 ,8 2 7 .
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by t h e i r  b o i l i n g  and m e l t i n g  p o i n t s ,  m ixed m e l t i n g  p o i n t s ,  
and}by  c o m p a r iso n  o f  r e l e v a n t  s p e c t r a .
9 .1  SEPARATION TECHNIQUES.
Column c h ro m a to g ra p h y  was e x t e n s i v e l y  em ployed on 
a  p r e p a r a t i v e  s c a l e ,  t o  s e p a r a t e  th e  com ponents  o f  th e  
com plex  m ix t u r e s  o b ta in e d  by c h l o r i n a t i o n  o f  th e  p re =  
v i o u s l y  m e n tio n e d  n a p h th a le n e  d e r i v a t i v e s .  Owing to  th e  
l a b i l i t y  o f  some o f  th e  r e a c t i o n  p r o d u c t s ,  m ost o f  t h e s e  
s e p a r a t i o n s  w ere c a r r i e d  o u t  i n  a  j a c k e t e d  colum n, w i t h  
e x t e r n a l  c i r c u l a t i o n  o f  a  r e f r i g e r a t i n g  f l u i d  ( e . g . , i c e -  
w a t e r ) ,  and  u s i n g  s i l i c a  g e l  (H opk in  and W il l ia m s  "MFC") 
a s  s t a t i o n a r y  p h a s e .  D e a c t i v a t e d  n e u t r a l  o r  a c i d  a lu m in a  
was a l s o  u t i l i z e d ,  w h en ev er  p o s s i b l e ,  b e c a u s e  o f  i t s  more 
e f f e c t i v e  s e p a r a t o r y  po w er .
Some o f  th e  com ponen ts  u n d e r  e x a m in a t io n  c o u ld  be 
d e t e c t e d  by t h i n - l a y e r  c h ro m a to g ra p h y  on s i l i c a  g e l  
( "0 "  M erck) by  S t a h l ' s  t e c h n iq u e  • F o r  q u a l i t a t i v e  
w ork , th e  m ethod in v o lv e d  e l u t i o n  w i t h  p e t r o le u m  e t h e r  
a n d / o r  b e n z e n e ,  f o l lo w e d  by s p r a y i n g  w i th  a  s o l i u t i o n  
o f  s u l p h u r i c  a c i d  i n  a b s o l u t e  e t h a n o l , s e n s i t i z e d  w i t h  
f l u o r e s c e i n .  The s p o t s  c o u ld  a l s o  be s e e n  u n d e r  u l t r a =  
v i o l e t  l i g h t  ( H anov ia  C h r o m a t o l i t e ) /
F o r  s e p a r a t i o n  and i d e n t i f i c a t i o n  o f  th e  s t a b l e  
s u b s t i t u t i o n  compounds i n  th e  p r o d u c t s  m i x t u r e ,  a n a ly =
^ ^ E .S t a h l{ 'T h in - l a y e r  C hrom atography" , Academic P r e s s ,
New Y o rk ,19 6 5 .
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t i c a l  v a p o u r - p h a s e  c h ro m a to g ra p h y  p ro v ed  to  be o f  in =  
v a l u a b l e  a i d .  The s e n s i t i v i t y ,  and t h e r e f o r e  th e  e f f i =  
c i e n c y ,  o f  a  common f l a m e - i o n i z a t i o n  a p p a r a t u s  was n o t  
a d e q u a te  f o r  t h i s  w o rk .  I n s t e a d ,  a  Pye P a n ch ro m a to g aa p h  
w i t h  an  i o n i z a t i o n  d e t e c t o r  was u s e d  (S r^ ^  a s  r a d io a c =  
t i v e  s o u r c e ) ;  a rg o n  was th e  c a r r i e r  g a s .  The s p i r a l  co= 
lumn (5 i n c h e s  by 4 mm) was p ac k ed  w i t h  10^  MS-55© S i=  
l i c o n a  o i l  a s  s t a t i o n a r y  p h a s e ,  on 1 0 0 /1 2 0  mesh C e l i t e .
A f t e r  some t r i a l s  and e r r o r s ,  t h e  f o l l o w i n g  s e t  
o f  c o n d i t i o n s  w ere  fo u n d  to  g iv e  r e p r o d u c i b l e  r e t e n t i o n  
t im e s  2
-  T em p e ra tu re  o f  th e  colum n: 2 2 5 -2 3 0 ° ;
-  Flow r a t e  o f  th e  c a r r i e r  g a s :  60 -65  m l/m in ;
-  I o n i z a t i o n  v o l t a g e :  680 V;
-8-  C u r r e n t  r a n g e :  10 ;
-  B a c k in g  o f f  a t  p o s i t i o n  3 ;
-  C h a r t  s p e e d :  12 i n c h e s / h o u r ;
-  Sample volum e : 0 .0 1 - 0 .0 3  p.1 (H a m il to n  s y r i n g e ) ;
E ach  p e a k  a r e a  was c a l c u l a t e d  f rom  i t s  h e i g h t  and 
w id th  a t  h a l f  h e i g h t ,  and by t a k i n g  th e  sum o f  a l l  p eak  
a r e a s  c o n c e r n e d ;  th e  p e r c e n t a g e  o f  e a c h  com ponent i n  
th e  m ix tu r e  a n a ly z e d  c a n  be r e p r e s e n t e d  a s  a  p e r c e n ta g e  
o f  i t s  a r e a  o v e r  th e  t o t a l  a r e a .
The q u a n t i t a t i v e  r e s p o n s e  o f  th e  d e t e c t o r ,  a s  m easu red  
by  p e a k  a r e a s ,  was t e s t e d  by a n a l y s i n g  a  m ix tu r e  con= 
t a i n i n i g  known w e ig h t s  o f  m e th y le n e  c h l o r i d e  and p u re  
d i c h l o r o c y c l o p e n t a n e . I t  was shown t h a t  th e  p ea k  a r e a  
r a t i o s  a r e  i n  a g re e m e n t  w i t h  th e  w e ig h t s  t a k e n  o f  e a c h
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com ponent to  w i t h i n  7 9^ .
9 .2  SPECTROMETRIC TECHNIQUES•
T here  a r e  a  num ber o f  v e r y  im p o r t a n t  p h y s i c a l  me= 
th o d s  w h ich  c o u ld  be u se d  i n  e l u c i d a t i n g  th e  s t r u c t u r e s  
and s t e r e o c h e m i s t r y  o f  th e  o b t a in e d  c h l o r i n a t i o n  p ro=  
d u c t s .  Among them , u l t r a v i o l e t ,  i n f r a r e d ,  and p r o t o n  
m a g n e t ic  r e s o n a n c e  s p e c t r a  have b e e n  e x t e n s i v e l y  u s e d .
I n  t h i s '  c o n t e x t ,  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  
have b e e n  m a in ly  em ployed to  i n d i c a t e  c o n f o r m a t i o n a l  
d i s r u p t i o n  o f  c o n ju g a te d  s y s t e m s .  They w ere t a k e n  i n  
e t h a n o l i c  s o l u t i o n s ,  w i t h  Unicam SP 500 and SP 800 
s p e c t r o p h o t o m e t e r s .
I n f r a r e d  s p e c t r a  have p ro v e d  to  be o f  g e n e r a l  u s e  
i n  th e  s o l u t i o n  o f  i d e n t i f i c a t i o n  and p u r i t y  p ro b le m s .  
They a r e  th o u g h t  o f  i n  te rm s  o f  g ro u p s  v i b r a t i o n s ,  an d , 
i f  t h e  m o le c u le  a b s o r b s  a t  a  c e r t a i n  f r e q u e n c y ,  t h i s  
i n d i c a t e s  th e  p r e s e n c e  o f  a  g ro u p  w h ich  i s  known to  be 
a s s o c i a t e d  w i t h  t h a t  f r e q u e n c y .  I n f r a r e d  m easu rem en ts  
w ere  o b t a in e d  by u s i n g  a  Unicam SP 200 and a  O rubb- 
p a r s o n s  OS-2 i n f r a r e d  d o u b le  beam s p e c t r o p h o t o m e t e r s .  
N u jo l  m u l l  t e c h n iq u e  p e r m i t t e d  r e c o r d i n g  o f  s o l i d  sam= 
p i e s .
One o f  th e  m ost p o w e r f u l ,  a.mong th e  p h y s i c a l  me= 
th o d s  a v a i l a b l e  f o r  a n a l y s i s  o f  m ost compounds u n d e r  
s tu d y  i s  p r o t o n  m a g n e t ic  r e s o n a n c e  s p e c t r o s c o p y . T h is
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t e c h n i q u e  m akes i t  p o s s i b l e  to  i n v e s t i g a t e  s p a t i a l  
o r i e n t a t i o n  o f  s u b s t i t u e n t s  i n  f i x e d  m o l e c u l e s ,  a s  % 
w e l l  a s  e q u i l i b r i u m  p o s i t i o n  i n  m o b i le  s y s t e m s .  F o r  
t h e s e  d e t e r m i n a t i o n s  th e  a r e a s  u n d e r  th e  s i g n a l s ,  th e  
c h e m ic a l  s h i f t s  (w h ic h  i n d i c a t e  th e  n a t u r e  o f  t h e  p ro =  
t o n s  u n d e r  e x a m i n a t i o n ) ,  th e  m a g n i tu d e  o f  c o u p l i n g  
c o n s t a n t s  (w h ic h  v a r i e s  w i t h  th e  d i h e d r a l  a n g le  b e tw e e n  
th e  c o u p le d  p r o t o n s ) ,  and  th e  band  w i d t h s  o f  p a r t i c u l a r  
r e s o n a n c e s  c a n  be u s e d .  A d d i t i o n a l  p i e c e s  o f  in fo rm a =  
t i o n  c a n  a l s o  b e e n  o b t a i n e d  f ro m  low  t e m p e r a t u r e  s p e c t r a  
a s  w e l l  a s  by  th e  d o u b l e - r e s o n a n c e  t e c h n i q u e ,  w h ic h  
c o n s t i t u t e  a  u s e f u l  way o f  e l i m i n a t i n g  u n w a n te d  c o u p l i n g s  
b e tw e e n  th e  p r o t o n  b e i n g  o b s e rv e d  and  a n o t h e r  n u c l e u s .
P .m .ü .  s p e c t r a  w ere  d e t e r m in e d  a t  th e  p ro b e  tem p e= 
r a t u r e  ( c a .  3 0 ° )  on P e r k i n  E lm e r  and  V a r i a n  60 M c/sec  
s p e c t r o m e t e r s ,  i n  a  v a r i e t y  o f  d e u t e r a t e d  s o l v e n t s ,  
m a in ly  d e u t e r o c h l o r o f o r m  and  a c e t o n e - d ^ ,  and  w i t h  t e =  
t r a m e t h y I s i l a n e  a s  i n t e r n a l  r e f e r e n c e .  C h e m ic a l  s h i f t s  
a r e  e x p r e s s e d  i n  T  (ppm ), and  t h e i r  a t t r i b u t i o n  t o  th e  
r e l a t e d  p r o t o n â  was done R e c o r d in g  i n t e n s i t y ,  p o s i t i o n ,  
and  m u l t e p l i c i t y  o f  th e  s i g n a l s  -  and  a l s o  by  c o m p a r is o n  
w i t h  m ode l com pounds, w h e r e v e r  u s e f u l .
T a b le s  16 to  20 ( P a r a g r a p h  1 4 )  l i s t  t h e  r e l e v a n t  
com pounds, w i t h  th e  v a l u e s  o f  t h e i r  s p e c t r a l  p a r a m e t e r s .
9 .3  PREPARATIVE CHLORINATIONS.
The g e n e r a l  p r o c e d u r e  f o l l o w e d  f o r  p r e p a r a t i v e
74
c h l o r i n a t i o n s  i n v o l v e s  s lo w  a d d i t i o n  o f  c h l o r i n e , e i t h e r  
g a s e o u s  o r  i n  a  s u i t a b l e  s o l v e n t ,  t o  a  a b s o lu t io n  o f  th e  
a r o m a t i c  com pound; i n  some c a s e s  c h l o r i n a t i o n  i s  done 
w i t h o u t  any  s o l v e n t .  T e m p e ra tu re  and  l i g h t  c o n d i t i o n s  
a r e  a lw a y s  k e p t  u n d e r  c o n s t a n t  c o n t r o l .  The m ix t u r e  i s  
l e f t  t o  s t a n d  a t  room  t e m p e r a t u r e  t i l l  c o m p le t io n ,  and  
any  i n s o l u b l e  m a t e r i a l  i s  rem oved  by f i l t r a t i o n ;  i f  ne= 
c e s s a r y ,  e v a p o r a t i o n  o f  th e  s o l v e n t  f o l l o w s .  The c ru d e  
p r o d u c t  i s  t h e n  c h ro m a to g ra p h e d  on s i l i c a  g e l  o r  d eac=  
t i v a t e d  a l u m i n a .
A. D e s c r i p t i o n  o f  a  t y p i c a l  c h l o r i n a t i o n  i n  a c e t i c  
a c i d  i s  r e p o r t e d  i n  d e t a i l ,  i n  o r d e r  t o  c l e a r  away 
c e r t a i n  d i s c r e p a n c i e s  w h ich  a p p e a r e d  t o  e x i s t  i n  th e  
a v a i l a b l e  d a t a  on t h i s  t o p i c ,  and  a l s o  m a in ly  b e c a u s e  
m o s t  o f  t h e  e x p e r i m e n t s  w ere  p e r f o rm e d  u n d e r  s i m i l a r  
c o n d i t i o n s .
A s o l u t i o n  o f  c h l o r i n e  i n  a n a la R  a c e t i c  a c i d  was 
p r e p a r e d  by  p a s s i n g  th e  g a s  f ro m  a  c o m m e rc ia l  c y l i n d e r  
t h r o u g h  w a t e r  and c o n c e n t r a t e d  s u l p h u r i c  a c i d  , i n t o  a  
volum e o f  t h e  s o l v e n t  c o n t a i n e d  i n  a  b l a c k e n e d  f l a s k .  
A f t e r  a  w h i l e  th e  p a s s a g e  o f  c h l o r i n e  w as s t o p p e d ,  and  
a n  a l i q u o t  p a r t  was p i p e t t e d  i n t o  a n  a q u e o u s  s o l u t i o n  
o f  p o ta s s i u m  i o d i d e  t o  be t i t r a t e d  by  th e  c o n v e n t i o n a l  
m ethod  a g a i n s t  s t a n d a r d  so d iu m  t h i o s u l p h a t e  (BDH, 0 . 1  N), 
s t a r c h  b e i n g  ad d e d  to w a r d s  th e  end o f  th e  t i t r a t i o n  f o r  
e n d - p o i n t  d e t e c t i o n .
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A c o n v e n i e n t  v o lu m e , c o n t a i n i n g  75 t o  10 0 ^  o f  t h e  
num ber o f  m o le s  og  t h e  p u r i f i e d  n a p h t h a l e n e  d e r i v a t i v e ,  
w as s lo w ly  ad d ed  to  th e  i c e - b a t h  c o o le d  s o l u t i o n  o f  th e  
h y d r o c a r b o n  i n  th e  same s o l v e n t ;  t h e  m ix tu r e  c o n t a i n e d  
i n  a n o t h e r  f l a s k  p r o t e c t e d  f ro m  th e  l i g h t  ( t o  a v o id  i t s  
c a t a l y t i c  e f f e c t ,  w h ic h  f a v o u r s  h o m o ly t i c  r e a c t i o n s ) ,  
was s t o o p e r e d  and  l e f t  o v e r n i g h t .  The e x o th e r m ic  r e a c =  
t i o n  p r o c e e d s  w i t h  e v o l u t i o n  o f  h y d ro g e n  c h l o r i d e ,  and  
g o e s  t o  c o m p le t io n  r a t h e r  q u i c k l y .  R e s i d u a l  c h l o r i n e  
was n e v e r  fo u n d  when th e  i s o l a t i o n  o f  p r o d u c t s  was 
s t a r t e d .  I n  d i f f e r e n t  r u n s  th e  q u a n t i t i e s  o f  th e  naph=  
t h a l e n e  em ployed  r a n g e d  f ro m  0 .0 5  t o  0 .3  M. The c h l o r i =  
ne a d d e d  was a lw a y s  l e s s  t h a n  t h a t  o f  a  1 : 1  m o la r  r a t i o  
b e tw e e n  th e  r e a c t a n t s ;  i t  was i n t e n d e d  t h a t  t h e  h y d ro =  
c a r b o n  s h o u ld  be p r e s e n t  i n  e x c e s s  t o  a v o id  th e  fo rm a=  
t i o n  o f  d i -  o r  p o l y - c h l o r o n a p h t h a l e n e s . I t  s h o u ld  be 
r e m a rk e d  t h a t ,  a s  t h e  a d d i t i o n  p r o d u c t s  fo rm e d  by t a =  
k i n g  u p  two p o l e s  o f  th e  h a l o g e n  f o r  e v e ry  m ole o f  
n a p h t h a l e n e  a r e  a n  i m p o r t a n t  p a r t  o f  th e  t o t a l  p r o d u c t s ,  
t h e  h y d r o c a r b o n  w i l l  be i n  e x c e s s  e v e n  when th e  m o la r  
r a t i o  o f  h a l o g e n  t o  h y d r o c a r b o n  i s  1 ; 1  . The t o t a l  vo= 
lume o f  a c e t i c  a c i d  was f ro m  150 t o  500 ml i n  d i f f e r e n t  
r u n s .
D i f f e r e n t  o t h e r  c h l o r i n a t i o n s  hav e  a l s o  b e e n  c a r=  
r i e d  o u t  f o l l o w i n g  m e th o d s  s i m i l a r  t o  t h a t  u s e d  w i t h  
a c e t i c  a c i d  a s  s o l v e n t .
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B. I s o l a t i o n  and  c o m p o s i t i o n  o f  t h e  p r o d u c t s . O f t e n  
a c e t i c  a c i d  was d i r e c t l y  rem oved  u n d e r  r e d u c e d  p r e s s u r e  
i n  a  r o t a r y  e v a p o r a t o r .  Som etim es  t h e  m i x t u r e  o f  r e a c =  
t i o n  p r o d u c t s  was p o u r e d  i n t o  w a t e r  and  e x t r a c t e d  t h r e e  
t i m e s  w i t h  e t h e r .  The e t h e r e a l  e x t r a c t s  w e re  c o l l e c t e d  
and  w ashed  w i t h  w a t e r  t o  remove a c e t i c  a c i d  ( f r o m  10 t o  
12 w a s h i n g s  a r e  n e c e s s a r y ;  when t h e  s t a b i l i t y  o f  t h e  
p r o d u c t s  h ad  b e e n  e s t a b l i s h e d ,  a  a q u e o u s  s o l u t i o n  
o f  so d iu m  h y d r o g e n  c a r b o n a t e  was u s e d ,  and  t h e  number 
o f  w a s h i n g s  f e l l  t o  c a .  6 .  The s o l u t i o n  was d r i e d  w i t h  
so d iu m  s u l p h a t e  and t h e  s o l v e n t  was rem oved  a t  room 
t e m p e r a t u r e  u n d e r  r e d u c e d  p r e s s u r e .
The r e s i d u e  was a  y e l l o w - b r o w n  v i s c o u s  l i q u i d ,  
w h ic h  s o m e t im es  c o n t a i n e d  a  s m a l l  q u a n t i t y  o f  c r y s t a l s .  
I t  was a d s o b e â  o v e r  c a .  300 g r .  o f  s i l i c a  g e l ,  i n  o r d e r  
t o  s e p a r a t e  t h e  p r o d u c t s  by co lum n c h r o m a t o g r a p h y .  The 
e l u t i o n  s t a r t e d  w i t h  l i g h t  p e t r o l e u m ,  b . p .  4 0 - 6 0 ° ,  and  
ch a n g ed  g r a d u a l l y  t o  b e n z e n e  and  e t h e r .  S e v e r a l  50 m is  
f r a c t i o n s  w ere  c o l l e c t e d ,  u s u a l l y  g i v i n g  a  s a t i s f a c t o r y  
s e p a r a t i o n  f o r  t h r e e  k i n d s  o f  p r o d u c t s :  i n i t i a l  f r a c t i o n s  
c o n t a i n e d  t h e  u n c h a n g e d  n a p h t a l e n e  and  s u b s t i t u t i o n  p ro =  
d u c t s ,  v e r y  e a s i l y  d e t e c t e d  b e c a u s e  b o t h  o f  them  show 
b l u e  f l u o r e s c e n c e  u n d e r  u l t r a v i o l e t  l i g h t .  The t e s t  i s  
c a r r i e d  o u t  by e v a p o r a t i n g  a  d r o p  on a  f i l t e r  p a p e r  and  
e x a m in i n g  t h e  s p o t ;  i t  c a n  a l s o  be done by  u s i n g  a  p l a t e  
f o r  t h i n  l a y e r  c h r o m a t o g r a p h y . F u r t h e r  f r a c t i o n s  con=
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t a i n e d  a  m i x t u r e  o f  a d d u c t s ,  a p p e a r i n g  u n d e r  u . v .  l i g h t  
a s  a  s p o t  w i t h  a  weak v i o l e t  f l u o r e s c e n c e .  The com posi=  
t i o n  o f  t h i s  m i x t u r e  i s  d e s c r i b e d  l a t e r  on ,  f o r  t h e  d i f =  
f e r e n t  s t a r t i n g  m a t e r i a l s .  I n  t h e  l a s t  f r a c t i o n s  c a rb o =  
n y l - c o n t a i n i n g  p r o d u c t s  w ere  d e t e c t e d  t o g e t h e r  w i t h  co= 
l o u r e d  m a t e r i a l s ,  w h ic h  do n o t  u s u a l l y  p r o d u c e  any  cha= 
r a c t e r i s t i c  f l u o r e s c e n c e  u n d e r  u . v .  l i g h t .
9 . 4  QUANTITATIVE STUDY OF THE REACTION.
The q u a l i t a t i v e  e x p e r i m e n t s  showed t h a t  s u b s t i t u =  
t i o n  and  a d d i t i o n  p r o d u c t s  w ere  fo rm e d  i n  t h e  c h l o r i =  
n a t i o n  r e a c t i o n .  I t  seemed d e s i r a b l e  t o  d e t e c t  q u a n t i = 
t a t i v e l y  t h e  p r o p o r t i o n  o f  e a c h  com ponen t  i n  t h e  p r o d u c t  
m i x t u r e ,  and  i t  was a l s o  i n t e n d e d  t o  d e t e r m i n e  s im u l=  
t a n e o u s l y  t h e  r a t i o  o f  h y d r o g e n  c h l o r i d e  p r o d u c e d  t o  
c h l o r i n e  consum ed .
The s t u d y  was done u s i n g  a  t e c h n i q u e  r e c e n t l y  de= 
v ised ^ "^ ,  w h ic h  i s  o u t l i n e d  be low  t a k i n g  t h e  n a p h t h a l e n e  
a s  a n  e x a m p l e . I f  we s e p a r a t e l y  c o n s i d e r  t h e  d i f f e r e n t  
p r o d u c t s  fo rm e d :
+ Gl_ ( i n  AcOH)
10 O 2
+ HOI (S )
(A)
C^^Hq .CI^OCOCH. + HCl (C)
10 o i  3
^"^P.H.D. de l a  Mare and  M. H a s s a n ,  J  .Chem.Soc . , 1 9 5 8 ,5 1 9  •
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we r e a l i z e  t h a t  t h e  p r o p o r t i o n s  o f  s u b s t i t u t i o n ,  ad= 
d i t i o n  t o  f o rm  p o l y c h l o r i d e s ,  and  a d d i t i o n  t o  f o rm  
a c e t o x y p o l y c h l o r i d e s  c o u l d  be d e t e r m i n e d  by  e s t i m a =  
t i n g  t h e  r a t i o s  o f  c h l o r i n e  u s e d  ( l )  o f  h y d r o g e n / h l o =  
r i d e  p r o d u c e d  i n  t h e  r e a c t i o n ,  and  ( 2 )  o f  h y d r o g e n  
c h l o r i d e  l i b e r a t e d  by  a l k a l i n e  h y d r o l y s i s  o f  t h e  o r=  
g a n i c  p r o d u c t  o f  t h e r e a c t i o n .  I n  f a c t ,  t h e  m o n o c h l o r o -  
n a p h t h a l e n e  and  t h e  a c e t o x y t r i c h l o r o  a d d u c t  ( n o t a t i o n  
S and  C, r e s p e c t i v e l y )  a r e  fo rm e d  i n  t h e  same num ber  
o f  m o le s  a s  t h e  h y d r o g e n  c h l o r i d e  e v o l v e d ;  c o n s e q u e n =  
t l y  i t  i s  n e c e s s a r y  t o  d e t e r m i n e  c a r e f u l l y  t h e  i n i t i a l  
am ount  o f  c h l o r i n e  (w h ic h  p r o d u c e s  b o t h  k i n d s  o f  p ro =  
d u c t s  an d  t h e  a d d u c t s  o f  c h l o r i n e ,  d e n o t e d  A ) ,  and  o f  
t h e  h y d r o c h l o r i c  a c i d  p r o d u c e d ,  t o  h a v e  two e q u a t i o n s  
i n  a  s y s t e m  o f  t h r e e  u n k n o w n s .  The t h i r d  e q u a t i o n  comes 
f ro m  t h e  d e t e r m i n a t i o n  o f  t h e  c h l o r i d e  i o n s  l i b e r a t e d  
by a l k a l i n e  h y d r o l y s i s  o f  a  g i v e n  sam ple  o f  t h e  r e a c t i o n  
p r o d u c t s :
C^^H,^C1 + oh”  — > no r e a c t i o n
* 2 oh-  — *  * 2 H^ O .  2 Ol"
0 ,„ H .C 1 ,G O O C H , + 4 OH"  S- C , H ,0 0 1  + 4 H ,0  + CH.OCO" + 2 0 1 '10 O j  j  -LV I <£ J
The s u b s t i t u t i o n  p r o d u c t  d o e s  n o t  r e a c t  w i t h  a l k a l i , 
w h e r e a s  b o t h  k i n d s  o f  a d d u c t s  p r o d u c e  a  num ber  o f  c h l o r i d e  
i o n s  e q u i v a l e n t s  e q u a l  t o  t h e  num ber  o f  m o le s  o f  c h l o r i n e  
u s e d  up  when t h e y  a r e  f o r m e d .  Then  t h e  t h r e e  e q u a t i o n s
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become :
I n i t i a l  c h l o r i n e   S + 2 A + 2 C
HCl e v o l v e d  i n  t h e  r e a c t i o n ..................... S + C
C l l i b e r a t e d  i n  t h e  h y d r o l y s i s . . . .  2 A + 2 C
To c a r r y  o u t  t h e  q u a n t i t a t i v e  e x p e r i m e n t s ,  w e ig h e d  
s a m p l e s  o f  n a p h t h a l e n e  w e re  d i s s o l v e d  i n  a  known v o l u =
me o f  a c e t i c  a c i d ,  p u r i f i e d  a c c o r d i n g  t o  t h e  p r o c e d u r e
o u t l i n e d  on  p ag e  6 8 :  9 9 . 9 9 ^  p u r i t y . The s o l u t i o n  o f  t h e  
h y d r o c a r b o n  was  a l w a y s  p r e p a r e d  i n  a  p y r e x  50 m is  c o n i =  
c a l  f l a s k ,  p r o t e c t e d  f ro m  t h e  l i g h t .  A s o l u t i o n  o f  c h l o =  
r i n e  i n  t h e  same s o l v e n t  was p r e p a r e d  and  d i l u t e d  t o  
g i v e  a  c o n v e n i e n t  c o n c e n t r a t i o n  s u c h  a s  i t s  t o t a l  num ber  
o f  m o le s  was a b o u t  75?^ o f  t h a t  o f  t h e  h y d r o c a r b o n .
To a v o i d  e r r o r s  p r o d u c e d  by  e v a p o r a t i o n  o f  c h l o r i n e ,  
f o u r  f l a s k s  c o n t a i n i n g  a n  a q u e o u s  s o l u t i o n  o f  p o t a s =
8±um i o d i d e  w ere  s i m u l t a n e o u s l y  p r e p a r e d ;  i n  t h e  s h o r t e s t  
p o s s i b l e  t i m e ,  two 5 . 0  m is  s a m p l e s  o f  t h e  c h o r i n e  con= 
t a i n i n g  s o l u t i o n  v/ere p i p e t t e d  i n t o  t h e  f l a s k  w i t h  po= 
t a s s i u m  i o d i d e  ; a  t h i r d  1 0 . 0  m is  s am p le  was p i p e t t e d  
i n t o  t h e  f l a s k  c o n t a i n i n g  t h e  h y d r o c a r b o n  s o l u t i o n ,  and 
t h e  f l a s k  was i m m e d i a t e l y  s t o p p e r e d ,  l e a v i n g  th e  r e a c =  
t i o n  m i x t u r e  i n  t h e  d a r k .  F i n a l l y ,  two more 5 . 0  m is  
s a m p l e s  w ere  p i p e t t e d  i n t o  t h e  r e m a i n i n g  f l a s k é  w i t h  
p o t a s s i u m  i o d i d e ;  t h e  i o d i n e  l i b e r a t e d  was  i m m e d i a t e l y  
t i t r a t e d  a g a i n s t  s t a n d a r d  so d iu m  t h i o s u l p h a t e  ( 0 . 0 5  N ) .
The r e a c t i o n  was a l l o w e d  t o  c o n t i n u e  f o r  t e n  t o
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tvyrenty h a l f - l i v e s ;  t h e  f o l b w i n g  d a y ,  o r  e v e n  l a t e r ,  
t h e  f l a s k  c o n t a i n i n g  t h e  r e a c t i o n  m i x t u r e  was o p e n e d ,  
c a r e  b e i n g  t a k e n  t o  a v o i d  any  l o s s  o f  h y d t o g e n  c h l o r i =  
d e .  A r u b b e r  t u b e  was f i t t e d  r o u n d  t h e  n e c k  o f  t h e  f l a s k  
and  f i t t e d  w i t h  d i s t i l l e d  w a t e r .  The s t o p p e r  was t h e n  
c a r e f u l l y  f r e d ,  so  t h a t  t h e  w a t e r  f i l l e d  t h e  d e a d - s p a c e  
i n  t h e  f l a s k  b u t  no h y d r o g e n  c h l o r i d e  e s c a p e d :  t h i s  
s p a c e  i s  v e r y  s m a l l  b e c a u s e  a  f l a s k  i s  u s e d  o f  a p p r o x i =  
m a t e l y  t h e  same c a p a c i t y  a s  t h e  t o t a l  vo lum e o f  t h e  
f i l l i n g  s o l u t i o n s .  The x h o l e  s o l u t i o n  was p n u r e d  i n t o  
a  m i x t u r e  o f  e t h e r  and  d i s t i l l e d  w a t e r ,  and  c a r e f u l l y  
e x t r a s : t e d  i n  t h e  n o r m a l  w ay .  The a q u e o u s  l a y e r  was a  
e x t r a c t e d  tw 'ice  more and  a l l  t h e  e t e r e a l  e x t r a c t s  p u t  
t o g e t h e r .  The s o l v e n t  was  e v a p o r a t e d  u n d e r  r e d u c e d  
p r e s s u r e  w i t b u t  h e a t i n g ,  and  t h e  r e s i d u e  c o n t a i n i n g  
a l l  t h e  o r g a n i c  p r o d u c t s  was  d i s s o l v e d  i n  m e t h a n o l  and  
made u p  t o  100 o r  250 ml i n  a  v o l u m e t r i c  f l a s k .
S am p le s  o f  5 . 0  o r  1 0 . 0  ml w e re  t h e n  b o i l e d  u n d e r  
r e f l u x  f o r  t h r e e  h o u r s  w i t h  a  s o l u t i o n  o f  so d iu m  me= 
t o x i d e  i n  m e t h a n o l ;  u n d e r  t h e s e  c o n d i t i o n s  t h e  a d d u c t s  
s r e  c o m p l e t e l y  d e h y d r o c h l o r i n a t e d  w h i l e  t h e  a l k a l i  
d o e s  n o t  a f f e c t  t h e  s u b s t i t u t i o n  p r o d u c t s .  F i n a l l y ,  
t h e  w h o le  s o l u t i o n s  d i l u t e d  w i t h  a c e t o n e  w e re  a c i d i f i e d  
w i t h  bio n i t r i c  a c i d ,  l a c m o i d  b e i n g  u s e d  a s  i n d i c a t o r ,  
and  t h e  c h l o r i n e  i o n s  l i b e r a t e d  d u r i n g  t h e  r e a c t i o n  
w ere  p o t e n t i o m e t r i c a l l y  t i t r a t e d  a g a i n s t  0 . 0 1  N s i l v e r
n i t r a t e .
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M eanw hile  t h e  a q u e o u s  p a r t  d e r i v e d  f r o m  t h e  ex t ra c=  
t i o n ,  an d  c o n t a i n i n g  t h e  h y d r o c h l o r i c  a c i d  d i r e c t l y  
p r o d u c e d  i n  t h e  r e a c t i o n  b e t w e e n  c h l o r i n e  and  t h e  hy= 
d r o c a r b o n ,  was  p a r t i a l l y  d i s t i l l e d  t o  e l i m i n a t e  a b o u t  
10^  o f  w a t e r  and  t h e  d i s s o l v e d  e t h e r ;  t h i s  d i s t i l l a t e  
was shown t o  c o n t a i n  no h y d r o g e n  c h l o r i d e . The r e s i d u e  
w as  made u p  t o  250 o r  500 ml w i t h  d i s t i l l e d  w a t e r ,  and  
s a m p l e s  o f  5 . 0  t o  1 0 . 0  ml w e re  a d d e d  t o  an  e x c e s s  o f  
a c e t o n e  and  p o t e n t i o m e t r i c a l l y  t i t r a t e d  a g a i n s t  0 . 0 1  N 
s i l v e r  n i t r a t e .  C a re  was t a k e n  t o  e n s u r e  t h a t  a l l  t h e  
r e a g e n t s  w ere  f r e e  f r o m  c h l o r i d e  i o n s .
T h re e  s a m p le s  o f  e a c h  g r o u p  w e re  t i t r a t e d ,  and 
t h e  s i l v e r  n i t r a t e  was a l w a y s  c h e c k e d  a g a i n s t  s t a n d a r d  
h y d r o c h l o r i c  a c i d .
The m e thod  was p r e v i o u s l y  a p p l i e d  t o  t h e  c h l o r i =  
n a t i o n  o f  b i p h e n y l ^ ^ ,  n a p h t h a l e n e ^ ^ ,  and  f l u o r e n e ^ ^  i n  
p u r e  a c e t i c  a c i d ;  T a b le  I  shows t h e  r e s u l t s  f o r  c h l o =  
r i n a t i o n s  w i t h  e x c e s s  o f  h y d r o c a r b o n  i n  a c e t i c  a c i d , a t  
2 5 ° ,  i n  t h e  d a r k  an d  w i t h o u t  a d d e d  e l e c t r o l y t e s .
^ ^ G . H .B e a v e n ,P .B .D .  de l a  M a re ,M .H a s s a n , E . A . J o h n s o n ,  
and  N . V . K l a s s e n , J . C h e m . B o c . , 1 9 6 1 ,2 7 4 9 .
^ ^ G .H .B e a v e n ,P .B .D .  de l a  M a r e , E . A . J o h n s o n , a n d  N.V. 
K l a s s e n , J . C h e m . S 6 c . , 1 9 6 2 , 9 8 8 .
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TABLE I
H y d ro c a r b o n S u b s t i t u t i o np r o d u c t s
( m o le s
C h l o r i n e
a d d i t i o n
(m o le s
Ace t o x y -
p o l y c h l o r i d e s
( m o le s
B i p h e n y l 7 6 . 5 1 7 . 5 2
N a p h t h a l e n e 66 21 13
F l u o r e n e 80 11 5
3EXÏ
p e r  m ole  o f  h y d r o c a r b o n  consum ed;
p e r  mole  o f  h y d r o c a r b o n  c o n s u m e d , c a l c u l a t e d  a s  
t e t r a c h l o r i d e  ;
p e r  m ole  o f  h y d r o c a r b o n  consum ed ,  c a l c u l a t e d  a s  
a c e t o x y t r i c h l o r i d e .
I n  o u r  c a s e ,  t h e  r a t i o  o f  h y d r o g e n  c h l o r i d e  p ro =  
d u c e d  t o  c h l o r i n e  consumed d u r i n g  t h e  c h l o r i n a t i o n  o f  
m o n o s u b s t i t u t e d  n a p h t h a l e n e s ,  was d e t e r m i n e d  i n  t h e  
u s u a l  w ay .
From 1 - m e t h y I n a p h t h a l e n e  ( 0 . 0 7 8  M) and  c h l o r i n e  ( 0 . 0 4 9  M), 
w e re  o b t a i n e d  i n  d i r e c t  r e a c t i o n  0 .6 8 3  m o le s  o f  h y d r o g e n  
c h l o r i d e  p e r  mole  o f  c h l o r i n e  u s e d  u p ,  and  a  f u r t h e r  
0 .5 8 4  m o le s  o f  c h l o r i n e  w ere  l i b e r a t e d  on t r e a t m e n t  w i t h  
a l k a l i .
2 -M ethy  I n a p h t h a l e n e  ( 0 . 0 8 0  M) w i t h  c h l o r i n e  ( 0 . 0 6 0  M) 
g av e  0 . 6 8 0  m o le s  o f  HCl p e r  m ole  o f  c h l o r i n e  consum ed;  
t h e  o r g a n i c  p r o d u c t  by a l k a l i n e  h y d r o l y s i s  l i b e r a t e d  
0 . 4 0 1  m o le s  o f  c h l o r i h e .
Hence t h e  p r o d u c t  c o m p o s i t i o n  ( p e r c e n t a g e s  now e x p r e s s e d
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i n  t e r r a s  o f  t h e  a r o m a t i c  compound u s e d  u p , a s s u m i n g
12t h a t ,  a s  w i t h  n a p h t h a l e n e  , t h e  a d d u c t s  a r e  t e t r a -  
an d  a c e t o x y t r i c h l o r i d e s ) i s :
1-Me t h y I n a p h t h a l e n e
G h lo r o -1 - m e  t h y  I n a p h t h a l e n e .............41.55^
T e t r a c h l o r i d e s ........................................... 3 1 .5
A c e t o x y t r i c h l o r i d e s .............................. 2?  .0
2 -Me t h y  I n a p h  t h a l e  ne
C h lo ro - 2 -m e  t h y  I n a p h t h a l e n e .............7 5 ^
T e t r a c h l o r i d e s ........................................... 15
A ce to x y  t r i c h l o r i d e s .............................. 10
The r e s u l t s  show t h a t  more a d d i t i o n  a c c o m p a n ie s  
s u b s t i t u t i o n  i n  t h e s e  com pounds,  a s  com pared  w i t h  t h e  
h y d r o c a r b o n s  l i s t e d  i n  T a b le  I  .
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1 0 .  NAPHTHALENE DERIVATIVES WITH ONE ACTIVATING
SUBSTITUENT.
The c h l o r i n a t i o n  e x p e r i m e n t s  w e re  f i r s t  p e r f o r m e d  
on m o n o s u h s t i t u t e d  n a p h t h a l e n e  d e r i v a t i v e s ,  w i t h  r i n g  
a c t i v a t i n g  g r o u p s  on t h e  1 -  and  2 - p o s i t i o n s .
1 0 . 1  1-METHYLNAPHTHALEBE.
1 0 . 1 . A CHLORINATION OP 1-METHYLNAPHTHALENE WITH 
ONE MOLECULAR EQUIVALENT OP CHLORINE.
The r e a c t i o n  o f  1 - m e t h y I n a p h t h a l e n e  ( 0 . 2  M c a . ) 
w i t h  a n  e q u i m o l e c u l a r  am ount o f  c h l o r i n e  i n  a c e t i c  
a c i d  g i v e s  a  c o m p l i c a t e d  m i x t u r e  o f  p r o d u c t s .  P r e l i m i =  
n a r y  e x p e r i m e n t s  showed t h a t  m o s t  o f  t h e  m a in  co m p o n en ts  
o f  t h e  c h l o r i n a t i o n  r e a c t i o n  w e re  r a t h e r  s t a b l e  i n  
a c e t i c  a c i d ,  b u t  c o u l d  be  s e p a r a t e d  w i t h  d i f f i c y l t y  
o n l y  by  co lum n c h r o m a t o g r a p h y  on  s i l i c a  g e l .
A t y p i c a l  e x p e r i m e n t  was c a r r i e d  o u t  a t  room tem= 
p e r a t u r e  i n  t h e  d a r k  u n d e r  a n  a t m o s p h e r e  o f  n i t r o g e n  
( s e e  p a r a g r a p h  9 . 3  f o r  a  more d e t a i l e d  d e s c r i p t i o n  o f  
t h e  e x p e r i m e n t a l  p r o c e d u r e ) .  A f t e r  one h o u r ,  t h e  s o l v e n t  
and  h y d r o g e n  c h l o r i d e  w ere  rem oved  u n d e r  r e d u c e d  p r e s =  
s u r e  w i t h o u t  h e a t i n g .
The v i s c o u s  y e l l o w  o i l  was a n a l y z e d  by  v a p o u r -  
p h a s e  c h r o m a t o g r a p h y ;  t h e  r e s u l t i n g  p e a k s  w e re  t h o s e  
o f  1 - m e t h y I n a p h t h a l e ne (41%), l - c h l o r o - 4 - m e t h y l n a p h t h a =  
l e n e  (50%) w i t h  a  t r a c e  (2%) o f  a n  i som esr ic  c h l o r o d e =
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r i v a t i v e ,  and  7% o f  m a t e r i a l  o f  c o n s i d e r a b l y  h i g h e r
r e t e n t i o n  t i m e .  No p e a k s  a t t r i b u t a b l e  t o  a d d i t i o n  p ro =
d u c t s  w e re  o b s e r v e d .  The i n f r a r e d  s p e c t r u m  showed t h e
p r e s e n c e  o f  compounds c o n t a i n i n g  a c e t o x y - g r o u p s  ( a b s o r p =
t i o n  b an d  o f  medium i n t e n s i t y  a t  1735 cm” ^ ) .  The p . m . r .
s p e c t r u m  showed o n l y  c o n f u s e d  a b s o r p t i o n  i n  t h e  r e g i o n
4 . 0 - 6 . 5  Y ; two s i n g l e t s  (1/ = 7 . 4 2  and  T  = 7 . 5 6 )  w ere
p r e s e n t  and  w e re  a t t r i b u t e d  t o  t h e  m e t h y l  g r o u p s  o f
1-me t h y I n a p h t h a l e n e  and  l - c h l o r o - 4 - m e t h y I n a p h t h a l e n e
r e s p e c t i v e l y ,  by c o m p a r i s o n  w i t h  p u r e  s a m p l e s  ( s e e
T a b le  19 ) .  M in o r  a b s o r p t i o n  s i g n a l s  i n  t h e  same r e g b n
c a n  be a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  o t h e r  m e t h y l - c o n =
t a i n i n g  p r o d u c t s .  By i n t e g r a t i o n ,  t h e  r e l a t i v e  p r o p o r =
t i o n s  o f  m e t h y l  g r o u p s  and  a l i c y c l i c  p r o t o n s  w e re  f o u n d
t o  be c a .  78% and  c a .  22%, r e s p e c t i v e l y .  1 - C h l o r o m e t h y l =
( x)n a p h t h a l e n e  a p p e a r e d  t o  be  a b s e n t  , and  c l e a r l y  t h e  
a d d u c t s  r e s p o n s i b l e  f o r  t h e  p r o t o n  r e s o n a n c e  i n  t h e  
a l i c y c l i c  r e g i o n  w ere  a  c o m p l i c a t e d  m i x t u r e .  The p r e =  
s e n c e  o f  l a b i l e  h a l o g e n ,  and  h e n c e  o f  a l i c y c l i c  h y d ro =  
g e n ,  R as  con f i f ie© d  by h y d r o l y s i s . E x c e p t  w ere  o t h e r w i s e  
s t a t e d ,  s u c h  r e a c t i o n s  w ere  c a r r i e d  o u t  w i t h  e x c e s s  o f
( x ) A p a r t  f r o m  g a s - c h r o m a  t o  g r a p h i c  e v i d e n c e ,  t h e  same r e =  
s u i t  was r e a c h e d  b y  d i s t i l l i n g  u n d e r  r e d u c e d  p r e s s u r e  
t h e  m i x t u r e  o f  s u b s t i t u t i o n  p r o d u c t s . T h e  f r a c t i o n , b .  
p .  1 10°  t o  1 4 0 ° / 6  mm was c o l l e c t e d ,  and  shown by t r e a t :  
m en t  v / i t h  a l k a l i  f o l l o w e d  by t i t r a t i o n  w i t h  s i l v e r  
n i t r a t e  ( s e e  l a t e r )  t o  c o n t a i n  no 1 - c h l o r o m e t h y l n a p h =  
t h a l e n e  w i t h i n  e x p e r i m e n t a l  e r r o r .
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so d iu m  m e t h o x i d e  i n  m e t h a n o l ,  u n d e r  r e f l u x  f o r  a b o u t  
t h r e e  h o u r s  ; i n  a  d e t e r m i n a t i o n  0 . 0 3 9 8  g r .  g av e  c h l o =  
r i d e  e q u i v a l e n t  t o  1 3 . 0  ml o f  0 . 0 1  N s i l v e r  n i t r a t e ,  
a s  t i t r a t e d  p o t e n t i o m e t r i c a l l y  t o  t h e  end p o i n t ,  w i t h  
a  s i l v e r  e l e c t r o d e  and  a  r e f e r e n c e  c a l o m e l  e l e c t r o d e ,  
on  a  Pye p r e c i s i o n  P H m ete r .  A b l a n k  t i t r a t i o n  v/as 
a lw a y s  d o n e ,  b u t  t h e  vo lum e o f  s i l v e r  n i t r a t e  s o l u t i o n  
u s e d  was n e g l i g i b l e  i n  a l l  c a s e s .
Column c h r o m a t o g r a p h y  o f  a  s i m i l a r  r e a c t i o n - m i x t u r e  
on s i l i c a  g e l ,  w i t h  l i g h t  p e t r o l e u m  ( b . p .  4 0 - 6 0 ° )  a s  t h e  
e l u a n t , g a v e  f r a c t i o n s  c o n t a i n i n g  1 - m e t h y I n a p h t h a l e ne and  
i t s  p r o d u c t s  o f  s u b s t i t u t i o n ,  f o l l o w e d  r a t h e r  c l o s e l y  by  
f r a c t i o n s  w h ic h  g ave  a  c r u d e  m a t e r i a l , m . p . 1 3 5 °  ( c a .  10% 
y i e l d ) .  T h i s  a f t e r  r e c r y s t a l l i z a t i o n  f ro m  a  m i x t u r e  o f  
m e t h a n o l  and  l i g h t  p e t r o l e u m ,  and  t h e n  f ro m  l i g h t  p e t r o =  
leum  ( b . p .  8 0 - 1 0 0 ° )  h a d  m .p .  1 4 8 - 9 ° ;  i t  v/as a  1-me t h y  1 -
1 , 2 , 3 , 4 - t e t r a c h l o r o - l ,  2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e n e (XXXV) .  
Po u n d :  C, 4 6 . 5 ;  H, 3 . 6 ;  0 1 ,  4 9 . 7 ;  r e q u i r e s
C, 4 6 . 5 ;  H, 3 . 6 ;  C l ,  49.9% .
T h i s  compound was o b t a i n e d  a l s o ,  i n  12% y i e l d ,  by  
c h l o r i n a t i o n  i n  c a r b o n  d i s u l p h i d e  ; g a s e o u s  c h l o r i n e  was 
b u b b l e d  d i r e c t l y  i n t o  t h e  d i l u t e  s o l u t i o n  c o n t a i n i n g  
0 . 2  m o le s  o f  p u r e  1-me t h y I n a p h t h a l e n e , a t  room tempe= 
r a t u r e .  The s t r u c t u r e  o f  t h i s  a d d u c t ,  a s  w e l l à s  t h o s e  
o f  o t h e r  i s o l a t e d  d e r i v a t i v e s ,  w i l l  be  d e m o n s t r a t e d  on
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c h e m i c a l  and  p h y s i c o - c h e m i c a l  g r o u n d s ,  d u r i n g  t h e  
D i s c u s s i o n  ( S e c t i o n  I I I ) .
Me C l
H 01
L a t e r  f r a c t i o n s  f ro m  t h e  c h l o r i n a t i o n  i n  a c e t i c
a c i d  c o n t a i n e d  a n o t h e r  a d d u e t a , m . p . 1 5 5 ° ,  w h i c h  was
i s o l a t e d  i n  a  s e p a r a t e  e x p e r i m e n t  i n  p o o r  y i e l d  ( c a .
5 ^ ) .  S a m p le s  o b t a i n e d  i n  t h i s  way h ad  a  s h a r p  m . p . 1 5 5 ° ,
a s  i n d i c a t e d ,  and  w e re  p u r e  a s  :g.udged a l s o  by  t h e i r
p . m . r .  s p e c t r a ;  t h e y  w ere  i d e n t i c a l  b y  t h i s  c r i t e r i o n
and  f r o m  t h e i r  i . r .  s p e c t r a  w i t h  a n o t h e r  a u t h e n t i c
s p e c i m e n ,  m . p .  1 3 6 - 7 ° ,  o b t a i n e d  by  c h l o r i n a t i o n  w i t h
17s u l p h u r y 1 c h l o r i d e  . Prom i t s  a n a l y s i s ,  r e a c t i o n  w i t h  
a l k a l i ,  and  p . m . r .  specti^om , t h e  compounds was r e c o g n i =  
ze d  a s  1 - c h l o r o m e t h y 1 - 1 , 2 , 3 , 4 - t e t r a c h l o r o - l , 2 , 3 , 4 - t e =  
t r a h y d r o n a p h t h a l e n e  ( XXXVI) .  P o u n d :  0 ,  4 1 . 3 ;  H, 2 . 8 ;
C l ,  5 5 . 7 ;  e q u i v a l e n t  by a l k a l i n e  d e h y d r o c h l o r i n a t i o n .
1 0 8 .  C^^HgCl^ r e q u i r e s  C, 4 1 . 5 ;  H, 2 . 9 ;  C l ,  55 .6% ; e q u i =  
v a l e n t  f o r  l i b e r a t i o n  o f  t h r e e  m o l e c u l a r  p r o p o r t i o n s  o f  
HCl,  1 0 5 .  The e q u i v a l e n t  o f  a l k a l i n e  d e h y d r o c h l o r i n a t i o n  
i s  o b t a i n e d  by h y d r o l y s i s  w i t h  s o d iu m  m e th o x id e  o f  a
^ ^ P .B .D .  de l a  Mare a n d  H . S u z u k i , J . C h e m . S o c . ( C ) , 1 9 6 7 , i n  
p r e s s .
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known w e i g h t  o f  t h e  compound u n d e r  e x a m i n a t i o n .  A f t e r  
n e u t r a l i z a t i o n ,  a  c h l o r i d e  i o n  p o t e n t i o m e t r i c  t i t r a t i o n  
f o l l o w s ,  a g a i n s t  s i l v e r  n i t r a t e .  Two s a m p l e s  0 .0 0 6 1  g r .  
( 0 . 0 2 2 . 1 0 “ ^ m o l e s )  and  0 .0 0 5 4  g r .  ( 0 . 0 1 9 . 1 0 ~ ^  m o l e s )  o f
(XXXVl) w e re  r e f l u x e d  f o r  t h r e e  h o u r s .  The end p o i n t  o f  
t h e  t i t r a t i o n  was r e a c h e d  a f t e r  4 . 9 9  and  4 . 3 7  ml AgNO.
3
0 .0 1 1 4 2  N w ere  u s e d .  B la n k  d e t e r m i n a t i o n  ; 0 . 0 1  m l .
- 3  -3T hese  v a l u e s  c o r r e s p o n d  t o  0 . 0 5 7 . 1 0  and  0 . 0 5 0 . 1 0
m o le s  o f  s i l v e r  n i t r a t e  r e s p e c t i v e l y .
0 .0 0 5 4  X 1000 
4 .3 6  X 0 .0 1 1 4 2
= 1 0 8 .5
E q ,u iv .N u m le r ,  c a l c u l a t e d  f o r  l i b e r a t i o n  o f  t h r e e  m o le s
o f  HCl f r o m  ( P .M .= 316)  = 3 1 6 :3  = 105 .
11 9 b
T r e t m e n t  o f  t h e  c h l o r o t e t r a c h l o r i d e  i n  m e t h a n o l  
w i t h  z i n c  and  a q u e o u s  h y d r o c h l o r i c  a c i d  a t  room tem= 
p e i ^ u r e ,  f o l l o w e d  by  n e u t r a l i z a t i o n  o f  t h e  r e a c t i o n  
m i x t u r e  and  e x t r a c t i o n  v^ i th  e t h e r ,  g ave  1-me t h y  ln a p h =  
t h a l e n e .
C l  CHgCl
H 01 
(XXXVI)
HgOMe
NaOMe
(XXXVII)
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T h i s  c h l o r o t e t r a c h l o r i d e  (XXX7I) w i t h  so d iu m  me= 
t h o x i d e  i n  m e t h a n o l  g av e  a  d t c h l o r o - l - ( m e t h o x y m e t h y l ) -  
n a p h t h a l e n e , m . p . 75®; r e t e n t i o n  t im e  on  v . p . c . , 1 7 . 5  
m in .  P o u n d :  C, 5 9 . 9 ;  H, 4 . 4 ;  C l ,  2 9 . 2 ;  OMe, 1 2 . 9 ;  
^ 1 2 ^ 1 0 ^ ^ 2 ^  r e q u i r e s  C, 5 9 . 8 ;  H, 4 . 2 ;  C l ,  2 9 . 4 ;  OMe,1 2 . 9 ^ .
We c o n s i d e r  t h a t  t h i s  i s  t h e  2 , 3 - d i c h l o r o i s o m e r , (X X X 7 II ) ,
17s i n c e  i t  i s  d i f f e r e n t  f r o m  t h e  unam hA gous ly  s y n t h e s i s e d  
l , 3 - d i c h l o r o - 4 - m e t h o x y m e t h y l - n a p h t h a l e n e , and  s i n c e  1 , 2 -  
d i c h l o r o - 4 - m e t h o x y m e  t h y  I n a p h t h a l e n e  c o u l d  be fo rm e d  o n l y  
b y  a  s e q u e n c e  i n v o l v i n g  a  m o s t  u n f a v o u r a b l e  1 , 4 - d e h y d r o =  
c h l o r i n a t i o n .
The f i n a l  f r a c t i o n s  f ro m  t h e  c h r o m a t o g r a p h y  o f  t h e  
p r o d u c t s  o f  c h l o r i n a t i o n  o f  1-me t h y I n a p h t h a l e n e  w ere  
e l u t e d  w i t h  e t h e r .  I n  one e x p e r i m e n t ,  t r a c e s  ( c a .  1%) 
o f  p r i s m s  m . p .  154®, w ere  i s o l a t e d ,  p r o b a b l y  o f  a  l -m e=  
t h y l n a p h t h a l e ne a c e t o x y t r i c h l o r i d e , s i n c e  t h e  i . r .  s p e c =  
t r u m  showed p  t h e  p r e s e n c e  o f  a  c a r b o n y l  g r o u p  ( a b s o r p =  
t i o n  a t  1735 cm*”^ )  and  was c l e a r l y  a n a l o g o u s  w i t h  t h e  
s p e c t r a  o f  o t h e r  a c e t o x y c h l o r i d e s  i n  t h e  n a p h t h a l e n e  
s e r i e s .
The r e m a i n i n g  o i l  s o l i d i f i e d ,  and  a f t e r  f u r t h e r  
c h r o m a t o g r a p h y  on s i l i c a  g e l  f o l l o w e d  by c r y s t a l l i z a t i o n  
f ro m  l i g h t  p e t r o l e n m  ( b . p .  8 0 -1 0 0 ® ) ,  h ad  m . p .  126®.
From i t s  a n a l y s i s  and  p . m . r .  s p e c  t r i m  i t  was  a  l - h y d r o % y -  
1 - m e th y  1 - 2 , 3 , 4 - t r i c h l o r o - l , 2 , 3 , 4 - t e  t r a h y d r o n a p h t h a l e n e  
(X X X Y III) .  F o u n d ;  C, 4 9 - 9 ;  H, 4 . 2 ;  C l ,  4 0 . 0 ;  C^^H^^Cl^O
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r e q u i r e s  C, 4 9 # 7 ;  H, 4 . 1 ;  C l ,  4 0 . 1 ^ .  I t s  i n f r a r e d  s p e c =  
t r u m  c o n f i r m e d  t h e  p r e s e n c e  o f  a  h y d r o x y  g r o u p  an d  t h e  
a b s e n c e  o f  c a r b o n y l  g r o u p s .
Me pH
(XXXVIII)
H 01
I n  a n  a t t e m p t  t o  a c e t y l a t e  (XXXVIII) , ( 1 3 0  m g r . ) ,  
i n  a c e t i c  a c i d  (5 m l )  w i t h  a c e t y l  c h l o r i d e  ( 1 . 5  m l)  
and  b o r o n  t r i f l u o r i d e  e t h e r a t e  ( 0 . 2  m l)  t h e  r e a c t i o n  
m i x t u r e  was a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  
f i f t e e n x  h o u r s  an d  was t h e n  d i l u t e d  w i t h  w a t e r  and 
e x t r a c t e d  w i t h  e t h e r .  The e t h e r e a l  s o l u t i o n  was wasj ted  
w i t h  w a t e r  and  w i t h  d i l u t e  a q u e o u s  s o d iu m  h y d r o x i d e ;  
i t  was f i l t e r e d  t h r o u g h  a n h y d r o u s  s o d iu m  s u l p h a t e  and  
t h e  f i l t r a t e  was c o n c e n t r a t e d  t o  d r y n e s s .  C r y s t a I I i z a =  
t i o n  f ro m  a  m i x t u r e  o f  m e t h a n o l  and  l i g h t  p e t r o l e u m  
gave  t h e  t e t r a c h l o r i d e  (XXXV), m .p .  1 4 8 - 9 ° ,  w h ic h  on 
a l k a l i n e  d e h y d r o c h l o r i n a t i o n  g ave  a n  o i l y  p r o d u c t ,  
shown by v a p o u r - p h a s e  c h r o m a t o g r a p h y  t o  be  a  m i x t u r e  
c o n t a i n i n g  m in o r  am o u n ts  ( 2 . 5 ^  and  1 . 5 ^  r e s p e c t i v e l y )  
o f  I - m e t h y I n a p h t h a l e n e  and  I - c h I o r o - 4 - m e t h y I n a p h t h a l e =  
n e .  The m a in  co m p o n e n ts  ( 3 2 ,  56 ,  and  8^ r e s p e c t i v e l y )  
h ad  r e t e n t i o n  t i m e s  o f  9 . 6 ,  1 0 . 5 ,  and  1 7 . 9  m in  (e lem en :  
t a l  a n a l y s i s  o f  t h i s  m i x t u r e  g a v e :  G, 6 2 . 2 ;  H, 4 . 1 ;
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C l ,  3 3 . 2 ;  G^^HgClg r e q u i r e s :  C, 6 2 . 6 ;  H, 3 . 8 ;  0 1 , 3 3 . 6 ^ ) ;  
c l e a r l y  t h e s e  a r e  t h e  t h r e e  e x p e c t e d  d i c h l o r o - l - m e t h y l -  
n a p h  t h a l e n e  i s o m e r s .  I n  f a c t , i t  i s  e x p e c t e d  t h a t  (XXXV) 
c o u l d  u n d e r g o  t h r e e  modes o f  HCl e l i m i n a t i o n ,  w h ic h  w i l l  
l e a d  t o  ( a ) ,  ( h ) ,  and  ( c )  r e s p e c t i v e l y .
( b  )
W hi le  t h e  l a t t e r  i n v o l v e s  a n  u n f a v o u r e d  I , 4 - d e h y d r o =
c h l o r i n a t i o n  ( s e e  p . $8 f o r  a n  a n a l o g o u s  c a s e ) ,  t h e
17f i r s t  h a s  b e e n  a l r e a d y  s y n t h e s i s e d  -  I , 3 - d i c h I o r o -
4 -m e th y  I n a p h t h a l e n e , m . p .  46°  -  an d  c o r r e s p o n d s  t o  t h e  
com ponen t  o f  s h o r t e r  r e t e n t i o n  t im e  ( 9 . 6  m i n . ; s e e  Ta= 
b l e  2 ,  n e x t  p a g e ) ;  by  e x c l u s i o n  t h e  m a j o r  com ponen t  
( 5 6 ^ ;  r e t e n t i o n  t i m e ,  1 0 . 5  m in )  m u s t  kec t h u s  be t h e  
d i c h l o r o d e r i v a t i v e  ( b ) .
A l a r g e r  s a m p le  ( 3 . 7  g r . )  o f  t h e  p r o d u c t  o f  c h I6 =  
r i n a t i o n  o f  I - m e t h y I n a p h t h a l e ne  was t r e a t e d  w i t h  so d iu m  
m e th o x id e  i n  m e t h a n o l  a t  r e f l u x  t e m p e r a t u r e .  V a p o u r -  
p h a s e  c h r o m a t o g r a p h y  o f  t h e  o i l  r e c o v e r e d  by t h e  u s u a l  
t r e a t m e n t  g av e  t h e  r e s u l t s  i n  T a k le  2 . The r e t e n t i o n  
t i m e s  a r e  n o t  c o r r e c t e d  f o r  d e a d  vo lum e p r e s s u r e  d r o p .
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TABLE 2 .  V a p o r r - p l i a s e  c h r o m a t o g r a p h y  o f  p r o d u c t s  f ro m  
c h l o r i n a t i o n  o f  l - m e t b y l n a p h t h a l e n e  i n  a c e t i c  
a c i d ,  a f t e r  a l k a l i n e  d e h y d r o c h l o r i n a t i o n .
P e a k  R e t e n t i o n  ^  A t t r i b u t i o n s
t i m e ( n i i n )   ^ ( s e e  t e x t )
1 2 . 6 3 1 . 5 1-me t h y I n a p h t h a l e n e
2 4 . 0 0 . 5 x - c h l o r o - l - m e t h y l n a p h t h a l e n e
3 5 . 0 4 3 . 0 l - c h l o r o - 4 - m e t h y l n a p h t h a l e n e
4 9 . 5 c a .  8 l ^ - d i c h l o r o - 4 -  m e t h y l n a p h t h a l e n e
5 1 0 .3 c a .  4 ( 2,3-d i c h l o r o - 4 - m e t h y I n a p h t h a l e ne )
6 1 7 . 5 11 2 , 3 - d i c h l o r o - l - ( I I l e t h o x y m e t h y l ) -  
n a p h t h a l e n e  , XXXVII
7 2 1 .5 2 T r i c h l o r o - l - m e t h y l n a p h t h a l e n e s .
Column c h r o m a t o g r a p h y  o f  t h e  p r o d u c t  o f  d e h y d ro =  
c h l o r i n a t i o n  on b a s i c  a l u m i n a  ( a c t i v i t y  a c c o r d i n g  
Brockm ann)  g av e  i n  t h e  f i r s t  f r a c t i o n s  e l u t e d  by  l i g h t  
p e t r o l e u m  t h a  s t a r t i n g  m a t e r i a l  and  p r o d u c t s  o f  mono­
s u b s t i t u t i o n .  L a t e r  f r a c t i o n s  gave  a n  o i l  f r o m  w h ic h
(XXXVIl) c r y s t a l l i z e d ;  m . p .  7 5 ^ ;  y i e l d ,  c a .  1 0 ^  . 
S t i l l a c  l a t e r  f r a c t i o n s ,  e l u t e d  by b e n z e n e  and  e t h e r ,  
w e re  c o l o u r e d  and  c o n t a i n e d  com pounds w i t h  c a r b o n y l  
an d  h y d r o x y l  g r o u p s .
I n  a n  a t t e m p t  t o  i d e n t i f y  f u r t h e r  t h e  c o m p o n e n ts  
o f  c h l o r i n a t i o n  o f  1 - m e t h y l n a p h t h a l e n e  w i t h  one m ole=  
c u l a r  e q u i v a l e n t  o f  c h l o r i n e  i n  a c e t i c  a c i d ,  t h e  p r o =
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d u c t  was s u b m i t t e d  t o  m o l e c u l a r  d i s t i l l a t i o n  a t  c a .
0 . 0 0 1  mm. The f r a c t i o n  w h ic h  d i s t i l l e d  a t  c a .  30^  con= 
t a i n e d  1 - m e t h y l n a p h t h a l e n e  and  i t s  p r o d u c t s  o f  s u b s t i =  
t u t i o n .  The p . m . r .  s p e c t r u m  o f  t h e  r e s i d u e ,  i n  w h ic h  
t h e  p e r c e n t a g e  o f  c h l o r i n e  h a d  b e e n  i n c r e a s e d  f ro m  21.9% 
t o  38 /2% , showed c l e a r l y  t h e  p r e s e n c e  o f  t h e  a d d u c t  
(XXXV), m .p .  1 4 8 - 9 t h e  c h l o r o t e t r a c h l o r i d e  (XZXVl), 
m .p .  1 5 5 ^ ;  and  t h e  h y d r o x y t r i c h l o r i d e  (X X X V II l ) ,  m .p .  
1 2 6 ° .  Two p e a k s  n o t  p r e s e n t  b e f o r e  t h e  m o l e c u l a r  d i s t i l =  
l a t i o n  w ere  p r o b a b l y  a r t i f a c t s  d e r i v e d  by  p a r t i a l  de= 
h y d r o c h l o r i n a t i o n .  T h e re  was no s i g n  o f  t h e  p r e s e n c e  
o f  t h e  o t h e r  c h l o r o t e t r a c h l o r i d e s  d e s c r i b e d  b e l o w .
l O . l . B  CHLORIMTION OF 1 -MET HYINAPHTHALE 1^02 WITH 
AN EXCESS OF CHLORINE.
By u s i n g  c h l o r i n e  i n  e x c e s s ,  we h av e  p r e p a r e d  and  
c h a r a c t e r i s e d  two more c h l o r o t e t r a c h l o r i d e s .
The f i r s t  was  o b t a i n e d  b y  t r e a t i n g  1 - m e t b y l n a p h =  
t h a l e n e  (22 g r . )  w i t h  e x c e s s  o f  c h l o r i n e  i n  a c e t i c  
a c i d  (2 5 0  m l . )  a t  room t e m p e r a t u r e .  A f t e r  s e v e r a l  d a y s ,  
a  s o l i d  p r e c i p i t a t e d  f ro m  t h e  s o l u t i o n  a s  w h i t e  n e e d l e s  
( 4 . 5  g r . , c a .  10% y i e l d ) ,  m .p .  1 7 8 °  a f t e r  r e c r y s t a l l i z a =  
t i o n  f r o m  m e t h a n o l .  P r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r o =  
s c o p y  ( s e e  l a t e r )  showed t h a t  t h i s  i s  a  1 - m e th y 1 -
4 , 5 , 6 , 7 . 8 - p e n t a c h l o r o - 5 . 6 , 7 , 8 - t e t r a h y d r o n a p h t h a l e n e
(XXXIX). F o u n d :  C, 4 1 . 4 ;  H, 2 . 9 ;  0 1 ,  5 5 . 7 ;  C^^H^Cl^
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r e q u i r e s  C, 4 1 . 5 ;  H, 2 . 9 ;  C l ,  5 5 . 6 ^ .
T h i s  c h l o r o t e t r a c h l o r i d e  was o b t a i n e d  a l s o  by 
c h l o r i n a t i o n  o f  l - c h l o r o - 4 ~ m e t h y I n a p h t h a l e n e  i n  a c e t i c  
a c i d  a t  room t e m p e r a t u r e  ( s e e  p a r a g r a p h  1 2 . 2 ) .
On h y d r o l y s i s  w i t h  a l c o h o l i c  so d iu m  m e t h o x i d e , i t  
gave  a  m i x t u r e ,  m . p .  9 8 - 1 1 0 ^ ,  o f  i s o m e r i c  1 - m e t h y 1 -  
4 , X , y - t r i c h l o r o n a p h t h a l e n e . F o u n d :  0 ,  5 3 . 8 ;  H, 2 . 8 ;
C l ,  4 3 . 2 ;  C a l c ,  f o r  C^^H^Cl^,  C, 5 3 . 7 ;  H, 2 . 9 ;  C l , 4 3 . 4 ^ .  
V a p o u r - p h a s e  c h r o m a t o g r a p h y  gave  two p e a k s ,  r e t e n t i o n  
t i m e s ,  15 m in  and  18 m in .
H C l
(XXXIX)
Me
V
C l C l
(XL) (XLI)
The p . m . r .  s p e c t r u m  o f  t h i s  m i x t u r e  ( s e e  T a b le  1 9 )  
shows t h e  p r e s e n c e  o f  a t  l e a s t  two co m p o n en ts  i n  a n  
a p p r o x i m a t e  r a t i o  1 : 4  ; t h e  s i n g l e t s  ( ^  = 7 . 3 9  and 
6 . 9 9 )  a r e  due t o  t h e  m e t h y l  g r o u p s ,  and  t h e  d o u b l e t s  
a t  2 . 6 8  and  2 . 4 1  ( J = 7 .5 c p s )  b e l o n g  t o  t h e  2 -  and  3 -  
h y d r o g e n  a t o m s ,  i n  b o t h  i s o m e r s  ( c f . , l - c h l o r o - 4 - m e =  
t h y I n a p h t h a l e n e ) .  H o w e v e r , t h e  o t h e r  s i g n a l s  a t  l o w e r  
^ - v a l u e s  a r e  d i f f e r e n t  i n  e a c h  compound and  a r e  a t t r i =  
b u t e d  t o  t h e  two r e m a i n i n g  a r o m a t i c  p r o t o n s  i n  t h e  h 
o t h e r  r i n g ;  t h e r i  s m a l l  c o n s t a n t  ( J = c a . 2 . 0  c p s )  seem s 
i n d i c a t i v e  o f  a  m e t a - c o u p l i n g . These  r e s u l t s ,  t o g e t h e r  
w i t h  a n a l o g y  w i t h  t h e  p r o d u c t s  o b t a i n e d  by  a l k a l i n e
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h y d r o l y s i s  o f  t h e  1 , 2 , 3 , 4 , 5 , 8 - h e x a c h l o r o - l , 2 , 3 , 4 - t e t r a -  
h y d r o n a p h t h a l e n e  ( m a i n l y  1 , 3 , 5 , 8 - t e t r a c h l o r o n a p h t h a l e =  
n e ) ^ ^ ,  and  o f  n a p h t h a l e n e  -  o < - t e  t r a c h l o r i d e  ( 1 , 3 - d . i c h lo =  
r o n a p h t h a l e n e  i s  a  m a j o r  c o m p o n e n t m a k e s  i t  p r o =  
b a h l e  t h a t  t h e  two r e m a i n i n g  c h l o r i n e  a to m s  w o u ld  be 
l o c a t e d  a t  t h e  5 , 7 -  an d  6 , 8 - p o s i t i o n s  r e s p e c t i v e l y ,  a s  
i n  (XL) and  ( X L l ) .  S e v e r a l  a t t e m p t e d  s e p a r a t i o n s  o f  t h e  
two c o m p o n en ts  b y  f r a c t i o n a l  c r y s t a l l i z a t i o n  o r  by  co= 
lumn c h r o m a t o g r a p h y  o f  t h e  m i x t u r e  p r o v e d  t o  be i n e f =  
f e c t i v e ,  b u t  t h e  m a j o r  com ponen t  i s  l i k e l y  t o  be (XL),  
s i n c e  t h e  4 - c h l o r i n e  a to m  v/ould  p r o b a b l y  f a c i l i t a t e ,  by 
i t s  i n d u c t i v e  e f f e c t ,  t h e  l o s s  o f  h y d r o g e n  f ro m  t h e
5 - p o s i t i o n .
The o t h e r  c h l o r o t e t r a c h l o r i d e  was o b t a i n e d  by  ± 
t r e a t i n g  1 - m e t h y l n a p h t h a l e n e  w i t h  c h l o r i n e  i n  e x c e s s  
a t  room t e m p e r a t u r e ,  f o l l o w i n g  S c h e r l e r * s  p r o c e d u r e  . 
t h e  r e s u l t i n g  o i l  was s u s p e n d e d  i n  p e n t a n e  i n  a  s t o p =  
p e r e d  f l a s k .  A f t e r  s e v e r a l  d a y s ,  c r y s t a l s  a p p e a r e d  on  
t h e  s i d e s  and  b o t t o m  o f  t h e  f l a s k .  The m o t h e r  l i q u o r s  
w ere  d e c a n t e d ,  and  t h e  r e s u l t i n g  s o l i d  ( 5 . 5  g r . ,  18^  
y i e l d ) ,  w as  r e c r y s t a l l i z e d  f ro m  l i g h t  p e t r o l e u m  ( b . p .  
60-80® ) and  t h e n  f ro m  e t h a n o l .  The i s o l a t e d  p r o d u c t ,
^ ^ E . G . T u r n e r  and  W.P.Wynne. J . C h e m . S o c . , 1 9 4 1 ,243#
^ ^ P . B . L .  de l a  M a r e , H . K o e n i g s b e r g e r ,  and  J . S . L o m a s , J .  
C h e m .S o c . ( P ) , 1 9 6 6 , 8 3 4 .
S c h ü t z  and  K . H a n h f e l d . B e r . . 1 9 5 2 , 8 5 , 1 3 1 .
96
m .p .  1 5 8 ®, i s  a  p e n t a c h l o r i d e ,  C^^HgCl^,  i s o m e r i c  with ,  
t h e  p r e v i o u s l y  d e s c r i b e d  a d d u c t .  (F o u n d :  C, 4 1 . $ ;  H , 2 . 9 ;  
0 1 ,  5 5 . 6 ;  r e q u i r e s  C, 4 1 . 5 ;  H, 2 . 9 ;  C l ,  5 5 . 6 ^ ) .
On o x i d a t i o n  w i t h  d i l u t e d  n i t r i c  a c i d  i t  g av e  p h t h a l i c  
a c i d ,  and  on a l k a l i n e  d e h y d r o c h l o r i n a t i o n  i t  gave  a  l -m e=  
t h y l t r A c h l o r o n a p h t h a l e n e , m .p .  147®. F ound :  G, 5 3 - 8 ;  H, 
3 . 0 ;  C l ,  4 3 . 2 ;  c a l c ,  f o r  C^^H^Cl^,  C, 5 3 . 7 ;  H, 2 . 9 ;  C l ,  
4 3 . 4^ .  The l a t t e r  compound was o b t a i n e d  p r e v i o u s l y  by  
S c h e r l e r ^  a s  n e e d l e s ,  m .p .  145-6® , by h y d r o l y s i s  w i t h  
a l c o h o l i c  p o t a s h  o f  t h e  c r u d e  p r o d u c t  o f  c h l o r i n a t i o n  
o f  1 - m e t h y I n a p & t h a l e n e .
The a d d u c t  m u s t  t h e r e f o r e  be  a  1-me t h y 1 - 1 , 2 , 3 , 4 , 4 -  
p e n t a c h l o r o - 1 , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e n e  ( X I I I ) ,  and  
t h e  p r o d u c t  o f  d e h y d r o c h l o r i n a t i o n  m u s t  be  t h e  1 - m e t h y l -  
2 , 3 ^ 4 - t r i c h l o r o n a p h t h a l e n e  ( X L I I l ) ,  a s  i s  shown a l s o  f ro m  
t h e i r  p . m . g .  s p e c t r a .
Me C l
C l  NaOH/EtOH ^
( X L I I I )( X I I I )
The l a t t e r  on  v . p . c .  g av e  a  b r o a d  p e a k  o f  r e t e n t i o n  ti= 
me c a .  21 m in  ( s e  T a b le  2 ) .
The c h l o r o t e t r a c h l o r i d e  ( X L I l )  was o b t a i n e d  a l s o  
by  c h l o r i n a t i o n  o f  l - c h l o r o - 4 - m e t h y I n a p h t h a l e n e  w i t h
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e x c e s s  o f  c h l o r i n e  w i t h o u t  s o l v e n t .  The r p o d u c t  was 
s u s p e n d e d  i n  p e n t a n e ;  a f t e r  a  s h o r t  t i m e ,  t h e  a d d u c t  
s o l i d i f i e d  and  was s e p a r a t e d  o f f  ( y i e l d ,  1 5 ^ ) ;  t r a c e s  
o f  (XXXIX) w e re  d e t e c t e d  i n  t h e  m o t h e r  l i q u o r s  ( s e e  
p a r a g r a p h  1 2 . 2 ) .
1 0 .1 .B »  OTHER CHLORIHATIONS OF 1-METHYLNAPHTHALENE.
I n  a n o t h e r  e x p e r i m e n t ,  tv/o m o l e c u l a r  p r o p o r t i o n s  
o f  c h l o r i n e  w e re  a d d e d  i n  two p o r t i o n s  t o  1 - m e t h y l -  
nap :g . tha lene  i n  a c e t i c  a c i d  a t  room t e m p e r a t u r e  i n  t h e  
d a r k .  C h ro m a to g ra p h y  o f  t h e  p r o d u c t  on a  j a c k e t e d  v / a t e r  
c o o l e d  co lum n o f  s i l i c a  g e l  and  c r y s t a l l i z a t i o n  o f  t h e  
r e s u l t i n g  f r a c t i o n s  g ave  t h e  a d d u c t  (XXXIX), 1 - m e t h y l -
2 , 3 , 4 - t r i c h l o r o n a p h t h a l e n e  ( X L I I I ) ,  and  t h e  a d d u c t  
( X L I l ) ,  a l l  o f  them  e l u t e d  hy  l i g h t  p e t r o l e u m .  E l u t i o n  
w i t h  b e n z e n e  t h e n  g a v e ,  i n  s m a l l  y i e l d ,  a  m i x t u r e  o f  
1-me t h y  l - A - c h l o r o n a - d t h a l e n e  a c e  t o x y  C h l o r i d e  s . C r y s t a l =  
l i z a t i o n  f ro m  l i g h t  p e t r o l e u m  ( b . p .  80-100®) g av e  a  
m a t e r i a l  w h i c h  f ro m  i t s  a n a l y s i s  and  s h a r p  m . p .  (180-1® )  
was  a t  f i r s t  t h o u g h t  t o  be  a  s i n g l e  s u b s t a n c e .  (F ound :
C, 4 5 . 6 ;  H, 3 . 6 ;  0 1 ,  4 1 . 5 ;  ^ ig^]_2^^4^2  q u i r e s  C, 4 5 . 6 ;
H, 3 . 5 ;  C l ,  4 1 . 5 ? 0 .  I t s  i n f r a r e d  s p e c t r u m  showed t h e
-1u s u a l  s t r o n g  c a r b o n y l  a b s o r p t i o n  a t  c a .  1740  cm . I t s  
p . m . r .  s p e c t r u m , h o w e v e r ,  showed i t  t o  be  a n  a p p ro x im a =  
t e l y  e q u i m o l e c u l a r  m i x t u r e  o f  two com pounds,  f o r  w h i c h  
t h e  s e p a r a t e  s i g n a l s  c o u l d  r e a d i l y  be i d e n t i f i e d  ( s e e  
T a b le  1 6 ) .  We s u g g e s t  t h a t  i t  i s  a  m i x t u r e  o f
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1 - a c e  t o x y - 8 -m e  t h y l - 2 , 3 , 4 , 5 - t e t r a c h l o r o - l , 2 , 3 , 4 - t e t r a -  
h y d r o n a p h t h a l e n e  ( XLIV) and  1 - a c e t o x y - 5 - m e t h y l - 2 , 3 . 4 , 8 -  
t e t r a c h l o r 0 - 1 , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e n e  (XLV) w h ic h  
may be e x p e c t e d  t o  be  fo rm e d  t o g X e t h e r  a n d ,  b e c a u s e  t h e  
m e t h y l  and  t h e  c h l o r o  s u b s t i t u e n t s  a r e  o f  s i m i l a r  s i z e ,  
m i g h t  w e l l  be i s o m o r p h o u s .
AcO H
CIH
(XLIY)
C l  H
(XLV)
1 0 . 2  1-ETHYLNAPHTHALENE.
By u s i n g  t h e  same e x p e r i m e n t a l  p r o c e d u r e  a s  i n  
p a r a g r a p h  1 0 . 1 . A, t h e  r e a c t i o n  o f  1 - e t h y I n a p h t h a l e ne 
w i t h  c h l o r i n e  was i n v e s i t i g a t e d .
The s e p a i ^ i o n ,  by  co lum n c h r o m a t o g r a p h y ,  o f  t h e  
c h l o r i n a t i o n  p r o d u c t s  g av e  f i r s t  some u n c h a n g e d  s t a r =  
t i n g  m a t e r i a l  t o g e t h e r  w i t h  o i l y  s u b s t i t u t i o n  p ro d u T j t s ,  
w h i c h  w ere  n o t  i n v e s t i g a t e d .  A w h i t e  p r o d u c t ,  r e c r y s t a l =  
l i z e d  f r o m  e t h a n o l  a n d  l i g r o i n  ( p r i s m s ,  m .p .  1 4 6 ® ) ,was 
a l s o  o b t a i n e d  by  f u r t h e r  e l u t i o n  w i t h  l i g h t  p e t r o l e u m ;  
y i e l d s  a r e  g o o d .  I t s  i . r .  s p e c t r u m  shows c l o s e  a n a l o g i e s  
w i t h  t h a t  o f  t h e  c o r r e s p o n d i n g  a d d u c t  ( XXXVI) ;  i ± a  f ro m  
i t s  a n a l y s i s  and  p . m . r .  s p e c t r u m  i t  was shown t o  be  t h e
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1 - ( < B - c h l o r o e t h y l ) - l , 2 , 3 $ 4 - t e t r a c h l o r o ~ l , 2 , 3 ,  4 - t e t r a h y = 
d r o n a p h t h a l e n e  (X L V l) .  Found :  G, 4 3 . 1 ;  H, 3 . 5 ;  0 1 ,  5 3 . 5 ;
G, 4 3 . 4 ;  H, 3 . 3 ;  0 1 ,  5 3 . 3f^.
CHOI.OH
01 ÏÏ
(XLVI)
1 0 .3  1-PHENYLNAPHTHALEHE.
E q u i v a l e n t  a m o u n ts  e#  ( 0 . 6  M c a . ) o f  l - p h e n y l -  
n a p h t h a l e n e  and  d r y  c h l o r i n e ,  i n  a c e t i c  a c i d ,  w ere  
a l l o w e d  t o  r e a c t  i n  a b s e n c e  o f  l i g h t ,  w i t h  t h e  tem= 
p e r a t u r e  b e lo w  2 0 ^ .  A f t e r  t h e  m i x t u r e  h ad  b e e n  a l l o w e d  
t o  s t a n d  o v e r n i g h t  t h e  s o l v e n t  was  r e m o v e d , l e a v i n g  a  
w h i t e  m ass  m ixed  w i t h  some o i l .  S u b s e q u e n t  t r a t m e n t  
w i t h  l i g h t  p e t r o l e u m  l e f t  a n  i n s o l u b l e  w h i t e  f r a c t i o n ,  
v e r y  s p a r i n g l y  s o l u b l e  i n  m e t h a n o l  and  p e t r o l e u m  e t h e r ,  
s l i g h t l y  s o l u b l e  i n  a c e t o n e  and  e t h e r .  f f i e c r y s t a l l i z a =  
t i o n  f r o m  e t h e r  g av e  e l o n g a t e d  p r i s m s ,  m . p .  1 9 1 . 5 - 1 9 2 ° . 
Y i e l d :  5 0 ^ ,  a s  t e t r a c h l o r i d e .  From t h e  a n a l y s i s :  0 ,  
5 5 . 4 ;  H, 3 . 5 ;  0 1 ,  4 1 . 1 ;  r e q u i r e s i  0 ,  5 5 . 5 ;
H, 3 . 5 ;  03., 4 1 . Oÿb. E q u i v a l e n t  by  a l k a l i n e  h y d r o l y s i s ,  
1 7 8 ; r e q u i r e d  f o r  t h e  e l i m i n a t i o n  o f  two m o l e c u l a r  
p r o i p o r t i o n s  o f  HOJ, 1 7 3 .
T r e a t m e n t  o f  1 - p h e n y I n a p h t h a l e ne i n  c a r b o n  t e t r a =
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c h l o r i d e ,  w i t h  g a s e o u s  c h l o r i n e  i n  e x c e s s ,  a f f o r d e d  t h e  
same p r o d u c t ,  a f t e r  t h e  s o l v e n t  h a d  b e e n  e v a p o r a t e d  o f f  
an d  t h e  r e s u l t i n g  v i s c o u s  o i l  h a d  b e e n  d i g e s t e d  f o r  so=  
me h o u r s  i n  p e n t a n e .  The t o t a l  y i e l d  was somewhat l e s s  
t h a n  i n  t h e  p r e v i o u s  e x p e r i m e n t ,  and  t h e  i n i t i a l  p r o d u c t  
b e f o r e  c r y s t a l l i z a t i o n  l e s s  p u r e .
(XLVII)
WaOMe/Me01^
( 2 L V I I I )
The i s o l a t e d  compoimd ( l . l  g r . ) , w h o s e  p r o p o s e d  
s t r u c t u r e  c o r r e s p o n d s  t o  t h a t  o f  a  1 - p h e n y l - 1 , 2 , 3 , 4 -  
t e t r a c h l o r 0 - 1 , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e n e  ( X L V II) ,  
w e re  t r e a t e d  w i t h  so d iu m  m e t h o x i d e  i n  m e th a n o  (35 m l ;
0 . 5 5  M) a t  r e f l u x ,  f o r  f o u r  h o u r s :  0 . 9 5  g r .  w e re  o b t a i è  
n e d  o f  a  d i c h l o r o - l - p h e n y l n a p h t h a l e n e , w h ic h  i s  p ro b a =  
b l y  t h e  2 , 3 - i s o m e r  ( X L V I I l ) ,  by  a n a l o g y  w i t h  t h e  c o r=  
r e s p o n d i n g  d i c h l o r o - l - m e t h y I n a p j ^ t h a l e n e , d e s c r i b e d  on 
p ag e  91)  I t  h ad  m . p .  6 7 ° ,  a f t e r  r e c r y s t a l l i z a t i o n  f ro m  
m e t h a n o l  and  p e t r o l e u m  e t h e r .  P ou n d :  C, 7 0 . 5 ;  H, 3 . 8 ;
0 1 ,  2 6 . 0 ;  Cl_ r e q u i r e s :  0 ,  7 0 . 3 ;  H, 3 . 7 ;  0 1 , 2 6 . 0 ^ .
Prom t h e  f r a c t i o n  s o l u b l e  i n  l i g h t  p e t r o l e u m ,  and
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a f t e r  e l i m i n a t i o n  o f  t h e  s o l v e n t ,  a  p a l e - y e l l o w  o i l  was 
o b t a i n e d  w h ic h  r a p i d l y  s o l i d i f i e d .  W ash ing  w i t h  c o l d  
e t h a n o l ,  f o l l o w e d  by  c r y s t a l l i z a t i o n  f ro m  t h e  same s o l =  
v e n t  and  c h a r c o a l ,  gave  -  i n  a  6 0 ^  y i e l d  -  t h e  x - c h l o r o -
1 - p h e n y I n a p h t h a l e n e  (XLIX),  m . p .  6 8 . 5 ° ,  w i t h  t h e  c h l o =  
r i n e  a to m  p r o b a b l y  i n  t h e  4 - p o s i t i o n ,  b y  a n a l o g y  w i t h  
t h e  c o r r e s p o n d i n g  1 - m e t h y l n a p h t h a l e n e  m o n o s u b s t i t u t e d  
p r o d u c t .  I t  i s  f a i r l y  s o l u b l e  i n  l i g h t  p e t r o l e u m ,  v e r y  
s o l u b l e  i n  a c e t o n e  and  e t h e r .  A n a l y s i s :  C, 8 0 . 5 ;  H, 4 . 5 ;  
C l ,  1 4 . 8 ;  r e q u i r e s :  C, 8 0 . 5 ;  H, 4 . 6 ;  C l ,  1 4 . 8 ^ .
(XLIX)
1 0 . 4  1-CHLOROMETHYLNAPHTHALENE.
S i n c e  a  p r e v i o u s l y  d e s c r i b e d  a d d u c t , ( XXXVI) ,  c o u l d  
h a v e  b e e n  d e r i v e d  by  a d d i t i o n  on  1 - c h l o r o m e t h y l n a p h t h a =  
l e n e ,  i f  t h e  l a t t e r  w e re  o b t a i n e d  a s  a  b y - p r o d u c t  f ro m  
a  s i d e - c h a i n  c h l o r i n a t i o n ,  t h e  r e a c t i o n  o f  t h e  i i ^ l e  
compound w i t h  m o l e c u l a r  c h l o r i n e  was  i n v e s t i g a t e d  s e p a =  
r a t e l y .
S e v e r a l  u n s u c c e s s f u l  a t t e m p t s  w ere  made a t  f i r s t  
t r y i n g  t o  i s o l a t e  a d d i t i o n  compounds f ro m  t h e  c h l o r ô =  
n a t i o n  o f  1 - c h l o r o m e t h y I n a p h t h a l e n e , u s i n g  a n  e x c e s s
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o f  g a s e o u s  c h l o r i n e ,  e i t h e r  i n  a c e t i c  a c i d  o r  w i t h o u t  
s o l v e n t .
H ow ever ,  when t h e  c h l o r i n a t i o n  was p e r f o r m e d ,  un=
d e r  s t r i c t l y  h e t e r o l y t i c  c o n d i t i o n s ,  b e t w e e n  e q u im o le =
c u l a r  a m o u n ts  o f  b o t h  r e a g e n t  and  s u b s t r a t e  i n  a c e t i c
a c i d  and  a t  room t e m p e r a t u r e ,  a  s u b s e q u e n t  c h r o m a to g r a =
p h i c  s e p a r a t i o n  on  s i l i c a  g e l  o f  t h e  r e s u l t i n g  c r u d e
m i x t u r e ,  gave  a  s m a l l  am ount o f  s o l i d , m . p .  1 5 2 - 1 5 2 . 5 °
a f t e r  c r y s t a l l i z a t i o n  f ro m  p e t r o l e u m  e t h e r  and  m e t h a n o l
( c o l o u r l e s s  p r i s m s ) ,  t o g e t h e r  w i t h  o t h e r  i n i t i a l  f r a c =
t i o n s  c o n t a i n i n g  m a i n l y  s t a r t i n g  m a t e r i a l  and  s u b s t i t u =
t i o n  p r o d u c t s . ( P o u n d : C, 4 1 . 4 ;  H, 3* 0 ;  0 1 ,  C l ,  5 5 . 8 ;
C^^H^Cl^ r e q u i r e s :  G, 4 1 . 5 ;  H, 2 . 8 ;  0 1 ,  5 5 . 7 ^ ) .  I t s  
11 y 5
i n f r a r e d  s p e c t r u m  and  i t s  m . p . ,  w h ic h  was d e p r e s s e d  on 
a d m i x t u r e  w i t h  (XXXVI) ,  showed i t  t o  be  a  new p e n t a c h l o =  
r i d e  ; i t s  s t r u c t u r e ,  a s  d e d u c e d  f ro m  t h e  p . m . r .  s p e c t r u m ,  
c o r r e s p o n d s  t o  t h e  1 - c h l o r o m e t h y l - 5 , 6 , 7 , 8 - t e t r a c h l o r o -
5 . 6 , 7 , 8 - t e t r a h y d r o n a p h t h a l e n e  ( L ) .
I n  none  o f  t h e s e  e x p e r i m e n t s  d i d  we f i n d  any  i n d i c a t i o n  
o f  t h e  p r e s e n c e  o f  t h e  c h l o r o t e t r a c h l o r i d e  (XXXVI) among 
t h e  p r o d u c t s  o f  c h l o r i n a t i o n  o f  1 - c h l o r o m e t h y I n a p h t h a =  
l e n e .  H 01
( L )
H 01
I n  some e x p e r i m e n t s  a n  u n i d e n t i f i e d  c r y s t a l l i n e  
c o m p o u n d ,m .p . 1 2 1 - 1 2 2 . 5 ° ,w a s  a l s o  i s o l a t e d . A n a l y s i s :
0 ,  7 8 . 5 ;  H, 4 . 1 ;  0 1 ,  a b s e n t .
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1 0 . 5  2 -METHYLNAPHTHALENE.
The c h l o r i n a t i o n  o f  2 - m e t h y I n a p h t h a l e ne i s  g e n e r a l =  
l y  s i m i l a r  t o  t h a t  o f  1 - m e t h y l n a p h t h a l e n e ; t h e  2 - s u h s t i =  
t u t e d  g r o u p ,  h o w e v e r ,  p r o m o te s  a  d i f f e r e n t  mode o f  r e a c =  
t i o n  w h ic h  d i f f e r s  i n  s e v e r a l  i m p o r t a n t  d e t a i l s  f ro m  
t h o s e  o f  t h e  compounds so  f a r  d e s c r i b e d .
1 0 . 5 . A CHLORINATION OF 2 -METHYLNAPHTHALENE WITH ONE 
MOLECULAR AMOUNT OF CHLORINE.
I n  a  t y p i c a l  p r e p a r a t i v e  c h l o r i n a t i o n ,  2- m e th y 1= 
n a p h t h a l e n e  ( 2 5  g r . )  i n  a c e t i c  a c i d  (100  m l . )was t r e a t e d  
w i t h  a  s o l u t i o n  o f  c h l o r i n e  i n  a c e t i c  a c i d  (2 0 0  m l . ;
1 . 0  M). When r e a c t i o n  was c o m p l e t e ,  t h e  o r g a n i c  p r o d u c t s  
v/ere r e c o v e r e d  i n  t h e  u s u a l  way ,  and  w ere  c h r o m â t o g ra =  
p h ed  on a  co lum n  o f  s i l i c a  g e l ,  l i g h t  p e t r o l e u m  ( b . p . 4 0 -  
6 0 ° )  and  t h e n  m i x t u r e s  o f  l i g h t  p e t r o l e u m  w i t h  b e n z e n e ,  
p u r e  b e n z e n e ,  and  e t h e r  b e i n g  u s e d  i n  s u c c e s s i o n  f o r  
e l u t i o n .  From t h e  f i r s t  f r a c t i o n s  was r e c o v e r e d  1 - c h l o r o -
2 - m e t h y I n a p h t h a l e n e , w h ic h ,  a f t e r  r e c h r o m a t o g r a p h y ,  was 
i d e n t i f i e d  a s  i t s  p i c r a t e ,  m .p .  1 0 6 - 7 ° .  T hen ,  a f t e r  e l u =  
t i o n  o f  t h e  u n r e a c t e d  h y d r o c a r b o n ,  f r a c t i o n s  c o n t a i n i n g
2 - m e t h y l n a p h t h a l e n e  t e t r a c h l o r i d e  ( 3 . 8  g r . )  and  2 - m e t h y l ­
n a p h t h a l e n e  a c e t o x y t r i c h l o r i d e  ( 2 . 4  ^ r . )  w e re  r e c o v e r e d .  
R e c r y s t a l l i z a t i o n  o f  t h e  f i r s t  o f  t h e s e  f r a c t i o n s  f ro m  
l i g h t  p e t r o l e u m  g av e  t h e  p u r e  t e t r a c h l o r i d e ,  2 - m e th y 1 -
1 , 2 , 3 , 4 - t e t r a c h l o r o - 1 , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e ne ( L l ) ,  
m .p .  9 9 - 9 9 . 5 ° .  (F o u n d :  C, 4 6 . 6 ;  H, 3 . 6 ;  C l ,  4 9 . 8 ;
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C, 4 6 . 5 ;  H, 3 . 6 ;  0 1 ,  4 9 - 9 ^ ) .  S i m i l a r =  
l y  was o b t a i n e d  t h e  p u r e  a c e t o x y t r i c h l o r i d e , 1 - a c e t o x y -  
3 ~ n ie t l i y l - 2 , 3 ,  4 - t r i c h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o n a p h t W ^ l e n e  
( I I I ) ,  m .p .  1 3 0 ^ .  (P o u n d :  C, 5 0 . 9 ;  H, 4 . 3 ;  0 1 ,  3 4 . 6 ;  
O^^H^^Ol^O^ r e q u i r e s : 0 ,  5 0 . 8 ;  H, 4 . 3 ;  01 ,  3 4 . 6 ;  0 ,  1 0 . 3 ^ ) .
H 01
( I I I  )
H 01 
( L I  )
1 0 . 5 . A* LEHYXiROOHLORINAïION OP THE TETRAOHLORIDE :
1 , 4-DI0HL0R0-2-METHYLNAPHTHALEEE.
Wgen 2- m e t h y l n a p h t h a l e n e  t e t r a c h l o r i d e  ( 0 . 6  g r . )  
was  h e a t e d  u n d e r  r e f l u x  f o r  4 h o u r s  w i t h  so d iu m  m etho=  
x i d e  i n  a q u e o u s  m e t h a n o l ,  t h e  r e s u l t i n g  p r o d u c t  ( 0 . 4  g r . )  
was  a  w h i t e  s o l i d  w h i c h  on c r y s t a l l i z a t i o n  f ro m  l i g r o i n  
gave  a  d i c h l o r o - 2 - m e t h y l n a p h t h a l e n e , M .p .  6 2 ^ .  (Po u n d :
0 ,  6 2 . 6 ;  H, 3 . 8 ;  0 1 ,  3 3 . 9 ;  O^^HgOl^ r e q u i r e s :  0 ,  6 2 . 6 ;
H, 3 . 8 ;  0 1 ,  3 3 .6 % ) .  H y d ro g en  c h l o r i d e  c a n  t h e o r e t i c a l l y  
be e l i m i n a t e d  f ro m  t h e  t e t r a c h l o r i d e  i n  t h r e e  w a y s ,  na=  
m e ly ,  g i v i n g  1 , 2 -  , 1 , 3 -  , and  1 , 4 - d i c h l o r o - 2 - m e t h y l ­
n a p h  t h a l e n e  •
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( L U  )
-  2 HOI
( L U I )
(LIV)
(LV)
T h e r e f o r e ,  one o f  t h e s e  compounds was l o o k e d  f o r  i n  t h e  
p r o d u c t  o f  d e h y d r o c h l o r i n a t i o n ,  t r y i n g  a l s o  t o  s y n t h e s i :  
s e  i t  u n a m h i g o u s l y  t o  e s t a b l i s h  i t s  i d e n t i t y .  I t s  s t r u c :  
t u r e  was f o u n d  t o  be  t h a t  o f  t h e  1 , 4 - d i c h l o r o  compound 
(LIV) and  v/as c o n f i r m e d  a s  f o l l o w s .
( a )  The c h l o r i n a t i o n  o f  l - c h l o r o - 2 - m e  t h y  I n a p h  t h a l e h e  
i n  a c e t i c  a c i d  g i v e s ,  among o t h e r  p r o d u c t s ,  a  m i x t u r e  
o f  i s o m e r i c  d i c h l o r o - 2 - m e t h y l n a p h t h a l e n e . T h i s  m i x t u r e  
was  c l e a r l y  s e p a r a b l e  by  v a p o u r - p h a s e  c h r o m a to g r a p h y  
i n t o  two c o m p o n e n t s .  The m a in  com ponen t  ( 6 0 ^ )  was t h e  
p re su m e d  1 , 4 - d i c h l o r o - 2 - m e t h y I n a p h t h a l e n e , w h ic h  was 
c o l l e c t e d  f r o m  a  s e m i - p r e p a r a t i v e  co lum n and  i d e n t i f i e d  
by  i t s  m . p .  (We a r e  i n d e b t e d  t o  h r .  E . A . J o h n s o n  f o r  
t h i s  s e p a r a t i o n ) .  One c h l o r i n e  s u b s t i t u e n t  m u s t ,  t h e r e =
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f o r e  be  i n  t h e  1 - p o s i t i o n .
Two o t h e r  m e th o d s  w ere  u s e d  t o  s y n t h e s i s e  t h e  r e =  
q u i r e d  d i c h l o r o - 2 - m e t h y l n a p h t h a l e n e .
( b )  K L r s t ,  l - a m i n o - 2 - m e t h y l n a p h t h a l e n e  h y d r o c h l o r i d e  
( 4 . 9  g r . )  i n  a  m i x t u r e  o f  a c e t i c  a c i d  (15 m l . )  and  hy= 
d r o c h l o r i c  a c i d  (30  m l . ;  10 N) was t r e a t e d  w i t h  a  s o l u =  
t i o n  o f  c h l o r i n e  i n  a c e t i c  a c i d  (5 0  m l . ;  0 . 5  M). A f t e r  
3 0  m in  t h e  p r o d u c t s  w ere  e x t r a c t e d  w i t h  e t h e r .  The e x t r a c t  
was w a sh e d  r e p e a t e d l y  w i t h  w a t e r  and  w i t h  d i l u t e  h y d ro =  
c h l o r i c  a c i d  (1 0 0  m l . ;  2 N ) .  The a c i d  s o l u t i o n  was t r e a t e d  
w i t h  so d iu m  n i t r i t e  s o l u t i o n  ( 5 ^ )  a t  0®, and  t h e n  w i t h  
a  s o l u t i o n  o f  c u p r o u s  c h l o r i d e  i n  h y d r o c h l o r i c  a c i d .  The 
p r o d u c t s  w ere  e x t r a c t e d  w i t h  e t h e r ,  and  a f t e r  e v a p o r a t i o n  
o f  t h e  s o l v e n t  w ere  c h r o m a t o g r a p h e d  on a  co lum n o f  s i l i c a  
g e l  i n  l i g h t  p e t r o l e u m  ( b . p . 4 0 - 6 0 ^  ) .  V a p o u r - p h a s e  c h ro =  
m a to g r a p h y  showed t h a t  t h e  f o r e - r u n  c o n t a i n e d  1 - c h l o r o -
2 - m e t h y l n a p h t h a l e n e  ( 6 0 ^ )  and  a  d i c h l o r o - 2 - m e t h y l n a p h =  
t h a l e n e  (40)^) .  F u r t h e r  co lum n c h r o m a t o g r a p h y  o f  t h e  p ro =  
d u c t  ( 1 . 4  g r . )  e n a b l e d  u s  t o  i s o l a t e  t h e  d i c h l o r o - 2 - m e =  
t h y l n a p h t h a l e n e , i d e n t i c a l  i n  m .p .  and  i n f r a r e d  s p e c t r u m  
w i t h  t h e  p r o d u c t  o f  d e h y d r o c h l o r i n a t i o n  o f  t h e  t e t r a c h l o =  
r i d e  d e s c r i b e d  a b o v e . The same d i c h l o r o d e r i v a t i v e  was 
a l s o  o b t a i n e d  i n  p o o r  y i e l d  by  c h l o r i n a t i o n  o f  t h e  f r e e  
amine ( l - a m i n o - 2 - m e t h y l n a p h t h a l e n e ) i n  a  m i x t u r e  o f  k 
c h l o r o f o r m  and  c a r b o n  t e t r a c h l o r i d e ,  f o l l o w e d  by  a p p l i =  
c a t i o n  o f  t h e  S andm ayer  p r o c e d u r e .  We f o u n d  t h e s e  r o u t e s
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t o  be more s a t i s f a c t o r y  t h a n  t ^ o s e  i n v o l v i n g  t h e  N - a c e t y l -  
d e r i v a t i v e .
( c )  I n  t h e  s e c o n d  p r o c e d u r e ,  3 - m e t h y l - n a p h t h - l - o l ,
21p r e p a r e d  by  Bagier and  C a r l s o n ' s  m e th o d  , was c o n v e r t e d  
i n t o  t h e  a m i n o - d e r i v a t i v e ,  and  t h e n  i n t o  l - c h l o r o - 3 - m e =  
t h y l n a p h t h a l e n e  by  t h e  Sandm eyer  m e th o d .  T h i s  was o b t a i n e d  
a s  a n  o i l  ( 0 . 1 5  g r . )  w h ic h  on c h l o r i n a t i o n  w i t h  c h l o r i n e  
i n  a c e t i c  a c i d  (1 0  m l . ; 0 . 0 8  M), f o l l o w e d  by  e x t r a c t i o n  
o f  t h e  p r o d u c t s  and  c h r o m a t o g r a p h y  o f  them on s i l i c a  g e l  
f r o m  l i g h t  p e t r o l e u m  ( b . p . 4 0 - 6 0 ^ )  gave  t h e  d i c h l o r o - 2 -  
m e t h y l n a p h t h a l e n e  ( 0 . 0 3 5  g r . ) ,  i d e n t i c a l  w i t h  t h e  spe=  
cimenÈ o b ta in e ^ d  b y  o t h e r  m e t h o d s .  T a b le  3 shows t h e  i n =  
t e r r e l a t i o n  o f  t h e  m e th o d s  by  w h i c h  1 , 4 - d i c h l o r o - 2 - m e =  
t h y l n a p h t h a l e n e  h a s  b e e n  p r e p a r e d ;  i t s  s t r u c t u r e  i s  
e s t a b l i s h e d  by t h e  f a c t  t h a t  i t  h a s  b e e n  o b t a i n e d  b o t h  
f ro m  l - c h l o r o - 2 - m e t h y l n a p h t h a l e n e  and  f ro m  1-ch lodbo-
3 - m e t h y l n a p h t h a l e n e .
21B .K .B a k e r  and  G . B . C a r l s o n . J . Am er.C h e m .S o c . , 1 9 4 2 , 6 4 , 2 6 5 7 .
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TABLE 3 -  R o u t e s  t o  1 , 4 - d i c h l o r o - 2 - m e t h . v l n a p h . t h a l e n e .
H 01
Me
01
01
H 01
\|/
R e a g e n t s :
1 ,  2 C lg  ; 2 ,  C l g ,  a q . H e i  ; 3 ,  NaOMe, MeOH ; 
4 ,  NaNO^, HGl t h e n  GuCl ; 5 , G l^ ,  HOAc .
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1 0 . 5 . A" HYDROLYSIS AND DEHYDROCHLORINATION OF 
2-METHYLNAPHTHALENE ACET02YTRICHL0RIDE.
The a c e t o x y t r i c h l o r i d e  c o u l d  he  d e a c e t y l a t e d  hy  
h e a t i n g  i t  ( 0 . 3 2  g r . )  u n d e r  r e f l u x  w i t h  d i m e t h y I s u l p h a t e  
( 0 . 5 3  g r . )  i n  m e t h a n o l i c  s o d iu m  m e th o x id e  ( 2 5  m l . ;  0 . 2  
M).  The r e a c t i o n  m i x t u r e  was e x t r a c t e d  i n t o  e t h e r  and 
w ash e d  s u c c e s s i v e l y  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  w a t e r ,  
d i l u t e s o d i u m  h y d r o x i d e ,  and  w a t e r .  E v a p o r a t i o n  o f  t h e  
s o l v e n t  t h e n  g av e  a n  o i l  w h ic h  on d i g e s t i o n  w i t h  a  m ix tu =  
r e  o f  l i g r o i n  ( 9 5 ^ )  and  h e n z e n e  ( 5 ^ )  gave  a  w h i t e  s o l i d .  
R e c r y s t a l l i z a t i o n  o f  t h i s  f ro m  l i g r o i n  g av e  t h e  h y d r o x y ­
t r i c h l o r i d e  , 1 - h y d r o  xy-3~nie t h y  1 - 2 , 3 , 4 - t r i c h l o r o - l ,  2 , 3 , 4 -  
t e t r a h y d r o n a p h t h a l e ne ( L V I ) ,  m .p .  1 2 4 . 5 - 1 2 5 (F ound :
0 ,  4 9 . 6 ;  H, 4 . 3 ;  C l ,  4 0 . 1 ;  (^21^11^^3^ r e q u i r e s :  C, 4 9 . 8 ;  
H, 4 . 2 ;  C l ,  4 0 . 0 ;  Oy 6 . 0  %. E q u i v a l e n t  hy a l k a l i n e  de= 
h y d r o c h l o r i n a t i o n ,  132 ; r e q u i r e d ,  1 3 3 ) .
H C l
OCH ( o r  -OH)
H OH ( or^-O CH ^)
(LVI)  (L V I I )
The a c e t o x y t r i c h l o r i d e  was d e h y d r o c h l o r i n a t e d  hy 
t r e a t i n g  i t  ( 2 . 0  g r . )  w i t h  so d iu m  m e t h o x i d e  i n  a q u e o u s  
m e t h a n o l  (100  m l . ; 0 . 4  N ) , a t  room t e m p e r a t u r e  f o r  t h r e e  
d a y s .  The p r o d u c t s  w ere  e x t r a c t e d  i n t o  e t h e r ,  and  th e
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s o l u t i o n  was w ash ed  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d . T h e
m a in  p r o d u c t  v^as 1 - c h l o r o - j , 4 - d i h y d r o - 4 ( o r  3 ) - h y d r o x y -
3 ( o r  4 ) -m et h o x y - 2 - m e t h y l n a p h t h a l e n e  ( L V I l ) ,  m .p .  1 04°
a f t e r  c r y s t a l l i z a t i o n  f ro m  l i g h t  p e t r o l e u m  ( h ? p .  4 0 - 6 0 ° ) .
(F o u n d :  C, 6 4 . 3 ;  H, 5 . 9 ;  0 1 ,  1 5 . 6 ;  0 ,  1 4 . 2 ;  C^^H^^CIO^
r e q u i r e s :  C, 6 4 . 2 ;  H, 5 . 8 ;  C l ,  1 5 . 8 ;  0 ,  1 4 . 2  ^ ) .
I n  t h e  i n f r a r e d  s p e c t r u m ,  d e t e r m i n e d  i n  N u j o l , b a n d s
w e re  f o u n d  a t  6 2 8 ,  6 8 8 ,  737 m, 758 s ,  871,  887 ,  921 m,
945 ,  9 9 3 ,  1 0 2 6 ,  1053 m, 1080 m, 1 1 1 9 ,  1143 s ,  1 1 6 0 ,1 1 7 8 ,
1 1 9 3 ,  1 2 1 5 ,  1 2 3 2 ,  1 2 6 7 ,  1 284 ,  1 3 0 0 ,  1333 ,  1 3 6 8 ,  1479 s h ,
1 6 2 3 ,  and  3340 ( b r o a d ;  c o n f i r m s  p r e s e n c e  o f  -OH g r o u p )
cm ^ ( f o r  a b b r e v i a t i o n s  s e e  F o o t n o t e  t o  T a b le  1 0 ) .
The u l t r a v i o l e t  s p e c t r u m ,  d e t e r m i n e d  i n  e t h a n o l  a s  s o l =
v e n t ,  h a d  maxima a t  2225 A° ( l o g ^ ^  6  = 4 . 1 2 ) ,  a t  2270 A°
( l o g ^ ^ C =  4 . 1 3 ) ,  and  a t  2710 ( l o g ^ ^ & =  3 . 9 8 ) .  The d o u b le
bond  m u s t  t h e r e f o r e  be c o n j u g a t e d  w i t h  t h e  a r o m a t i c  r i n g
( c f . ,  l - c h l o r o - 3 , 4 - d i h y d r o n a p h t h a l e n e ; maxima a t  2250 A°
22an d  a t  2640  A°, l o g ^ ^  E= 422 an d  3 . 9 0  ) ;  i t  i s  i n  t h e
1 , 2 -  r a t h e r  t h a n  i n  t h e  3 , 4 - p o s i t i o n ,  s i n c e  o t h e r w i s e  
t h e  compound w o u ld a  h a v e  a n  u n s t a b l e  v i n y l i c  h y d r o x y l  
g r o u p .
T h i s  i s  f u r t h e r  c o n f i r m e d  by  t h e  p . m . r .  s p e c t r u m ,  w h ic h  
was  d e t e r m i n e d  i n  s o l u t i o n  w i t h  d e u t e r o c h l o r o f o r m ,  and  
shows t h e  p r e s e n c e  o f  two a d j a c e n t  a l i p h a t i c  p r o t o n s  
c o u p l e d  w i t h  7 . 8  c p s ;  t h e s e  m u s t  t h e r e f o r e  be
22E .A .B r a u d e  an d  E . A . E v a n s ,  J .C h e m .S o c  . , 1 9 ^ , 3 3 7 .
I l l
t r a n s  t o  e a c h  o t h e r .  The f e a t u r e s  w h i c h  c o n f i r m e d  t h e
s t r u c t u r e  w e r e :  a  s i n g l e t  a t  7 . 8 2  (CH^); a  b r o a d  s i n =
g l e t  a t  ^  7 . 2 5  (OH); a  s i n ÿ L e t  a t  T  6 . 4 5  (OCH^); d o u b l e t s
c e n t r e d  a t  T  5 . 9 8  and  5 . 1 4  ( tw o  C-H g r o u p s ; !  = 7 . 8 c p s ) ;
d y 4
a  m u l t i p l e t  a t  t: 2 . 0 - 2 . 6  ( a r o m a t i c  H ) .  I n  m o i s t  d e u t e r o =  
c h l o r o f o r m ,  t h e  0-H r e s o n a n c e  a t  T 7 .5 2  h a d  d i s a p p e a r e d ;  
t h e  m e t h y l  p e a k  was t h e n  h i d d e n  by  t h e  w a t e r  p e a k .
The c h l o r i n e  i s  v i n y l i c ,  s i n c e  no f u r t h e r  d e h y d r o c h l o r i =  
n a t i o n  was e f f e c t e d  by  t r e a t m e n t  f o r  some h o u r s  w i t h  
s o d iu m  e t h o x i d e  Èn e t h a n o l  u n d e r  r e f l u x .  The m e th o x y -  
g ro u p  m u s t  t h e n  be i n  t h e  3 -  o r  4 - p o s i t i o n .
The s u b s t a n c e  (5 0  m g r . )  was h e a t e d  u n d e r  r e f l u x  
w i t h  t h i o n y l  c h l o r i d e  ( e x c e s s )  i n  l i g h t  p e t r o l e u m  f o r  
$ h r e e  h o u r s .  A f t e r  r e m o v a l  o f  t h e  s o l v e n t  t h e r e  was 
o b t a i n e d  l - c h l o r o - 2 - m e t h y l - n a p h t h - 4 - o l  ( L V I I I ) , m . p .
1 4 6 - 8 ^  a f t e r  r e c r y s t a l l i z a t i o n  f ro m  l i g r o i n .
( L V I I I )
T h i s  compound was a l s o  o b t a i n e d  by  c h r o m a t o g r a p h i n g  
t h e  m o t h e r  l i q u o r s  f r o m  t h e  o r i g i n a l  d e h y d r o c h l o r i n a =  
t i o n ,  s i l i c a  g e l  b e i n g  u s e d  a s  t h e  a d s o r b e n t  and  b e n z e =  
ne a s  t h e  e l u e n t .  (P o u n d :  0 ,  6 8 . 6 ;  H, 4 . 8 ;  C l ,  1 8 . 3 ;  0 ,  
8 . 3 ;  C^^HgClO r e q u i r e s :  C, 6 8 . 6 ;  H, 4 . 7 ;  C l ,  1 8 . 4 ;  0,  
8 . 3 ^ ) .  I t s  s t r u c t u r e  was e s t a b l i s h e d  by  i t s  s y n t h e s i s
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f ro m  3 - m e t h y l - n a p h t h - l - o l ,  w h ic h  was f i r s t  a c e t y l a t e d  
hy  t r e a t m e n t  o f  1 . 8  g r .  i n  a l k a l i n e  s o l u t i o n  w i t h  e x c e s s  
o f  a c e t i c  a n h y d r i d e . The r e a c t i o n  m i x t u r e  was a c i d i f i e d p  
and  t h e  p r o d u c t s  w e re  e x t r a c t e d  i n t o  e t h e r .  The e t h e r e a l  
l a y e r  was w ash e d  w i t h  w a t e r ,  d r i e d  and  e v a p o r a t e d  t o  
l e a v e  t h e  c r u d e  a c e t a t e  a s  a n  o i l ,  w h i c h  was d i s s o l v e d  
i n  a c e t i c  a c i d  (20  m l . )  and  t r e a t e d  w i t h  a  s o l u t i o n  o f  
c h l o r i n e  i n  a c e t i c  a c i d  (17  m l . ; 0 . 6  M). The r e a c t i o n  
m i x t u r e  was a l l o w e d  t o  s t a n d  o v e r n i g h t .  I t  was t h e n  ad= 
d e#  t o  e t h e r ,  and  t h e  e t h e r e a l  s o l u t i o n  was w ash ed  r e =  
p e a t e d l y  w i t h  w a t e r  and  d r i e d .  The s o l v e n t  was rem o v ed ,  
and  t h e  p ro d u c t  was h e a t e d  u n d e r  r e f l u x  f o r  20 m in  v / i t h  
so d iu m  h y d r o x i d e  (30  m l . ;  4 M) and  m e t h a n o l  (5 m l . )  .
The p r o d u c t s  w ere  d ± s s 6 1 v e d  i n  e t h e r  and  e x t r a c t e d  w i t h  
a q u e o u s  s o d iu m  h y d r o x i d e .  The a l k a l i n e  s o l u t i o n  was 
a c i d i f i e d ,  and  t h e  n a p h t h o l s  w e re  e x t r a c t e d  w i t h  e t h e r .  
The e t h e r e a l  s o l u t i o n  was d r i e d ,  and  t h e  s o l v e n t  evapo=  
r a t e d .  The p r o d u c t  was r e c r y s t a l l i z e d  f ro m  a  m i x t u r e  o f  
b e n z e n e  and  l i g r o i n ,  t o  g i v e  0 .0 6  g r . ,  whichxSn r e c r y s t a l =  
l i z a t i o n  gave  t h e  p u r e  l - c h l o r o - 2 - m e t h y I n a p h t h - 4 - o l ,  
m .p .  146-8® , n o t  d e p r e s s e d  on  a d m i x t u r e  and  i d e n t i c a l  
i n  i n f r a r e d  s p e c t r u m  w i t h  a  s p e c im e n  o b t a i n e d  by  h y d ro =  
l y s i s  o f  2 - m e t h y l n a p h t h a l e n e  a c e t o x y t r i c h l o r i d e .
The r o u t e s  t o  t h e  above  compounds a r e  i n d i c a t e d  
i n  T a b le  4 .
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TABLE 4 -  P r o b a b l e  c o u r s e  o f  a l k a l i n e  m e t h a n o l y s i s  o f  
2 ~ m e t h y l n a p h t h a l e n e  a c e t o x y t r i c h l o r i d e .
C l
.Me
01
01
H GAc
( L I I )
Me MeOH 
-HOI 
H -----
OMe (or Œî] 
H OH(orOMe)
(L V I I )
H OAc
HpO, -HOMe HO ,-HOAc
H OH
I t  i s  c o n s i d e r e d  t h a t  l - c h l o r o - 2 - m e t h y I n a p h t h - 4 - o l  ( L V I I I ) 
i s  p r o d u c e d  f ro m  t h e  a c e t o x y t r i c h l o r i d e  ( L I I ) by  two 
s u c c e s s i v e  d e h y d r o c h l o r i n a t i o n s  ; ai^d t h a t  t h e  m a in  p ro =  
d u c t ,  l - c h l o r o - 3 , 4 - d T k h y d r o - 4 ( o r  3 ) - h y d r o x y - 3 ( o r  4 ) -m e=  
t h o x y - 2 - m e t h y l n a p h t h a l e n e  ( L V I I ) i s  o b t a i n e d  b e c a u s e ,  
c o m p e t i n g  w i t h  t h e  s lo w  s e c o n d  s t a g e  o f  d e h y d r o c h l o r i =  
n a t i o n ,  i s  a  h y d r o l y s i s  o r  m e t h a n o l y s i s  o f  t h e  a c e t o x y  
g r o u p . T h i s  g i v e s  t h e  a l c o h o l ,  f r o m  w h ic h  t h e  c h l o r i n e  
a to m ,  a c t i v a t e d  f o r  n u c l e o p h i l i c  d i s p l a c e m e n t  by  t h e  
a l l y l i e  d o u b l e  b o n d ,  and  p e r h a p s  a s s i s t e d  i n  i t s  h e t e =
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r o l y s i s  by  t h e  a d j a c e n t  -OH o r  o "  g r o u p ,  c a n  be  d i s p l a =  
ce d  t o  g i v e  t h e  m e t h y l  HgtecKx e t h e r .
The u n c e r t a i n t y  i n  r e g a r d  t o  t h e  p o s i t i o n  o f  t h e  m e th o x y  
g r o u p ,  w h i c h  i s  p r o b a b l y  i n  t h e  3 - p o s i t i o n ,  a r i s e s  be= 
c a u s e  i t  c a n n o t  be  e x c l u d e d  t h a t  r e p l a c e m e n t  o f  c h l o r i n e  
w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n  w o u ld  p r o c e e d  by  fo rm a =  
t i o n  o f  a n  e p o x i d e  and  r i n g - o p e n i n g  by  n u c l e o p h i l i c  a t =  
t a c k  on  t h e  4 - p o s i t i o n .
The m o s t  p r o b a b l e  r o u t e  by w h ic h  ( L V I l )  i s  c o n v e r t e d  
i n t o  t h e  n a p h t h o l  by  t h i o n | ^  c h l o r i d e  i n v o l v e s  t h e  
f o r m a t i o n  o f  a  c h i  o r  o s u l p h i  t  e an d  l iy d ro g e n  c h l o r i d e ,  
f o l l o w e d  by an  e l i m i n a t i o n  o f  m e t h a n o l  c a t a l y s e d  by  
h y d r o g e n  c h l o r i d e .  The a l t e r n a t i v e ,  t h a t  HOSOCl i s  
e l i m i n a t e d  and  t h a t  h y d r o g e n  c h l o r i d e  t h e n  c a t a l i s e s  
t h e  d e m e t h y l a n t i o n  o f  t h e  e t h e r ,  seam s t o  be  much l e s s  
p r o b a b l e  i n  v i e w  o f  t h e  low t e m p e r a t u r e  u s e d ;  i t  h a s  
b e e n  shown t h a t  l - c h l o r o - 2 - m e t h o x y n a p h t h a l e n e  i s  n o t  
deme t h y l a t e d  by  h y d r o g e n  c h l o r i d e  and  t h i o n y l  c h l o r i d e  
i n  p e t r o l e u m  e t h e r  ( b . p .  40-60«S) u n d e r  r e f l u x .
1 0 . 5 . H CHLORINATION OP 2 -METHYLNAPHTHALENE WITH 
AN EXCESS OP CHLORINE.
The c h l o r i n a t i o n  o f  2 - m e t h y l n a p h t h a l e n e  w i t h  e x c e s s  
o f  c h l o r i n e  u n d e r  c o n d i t i o n s  s i m i l a r  t o  t h o s e  d e s c r i b e d
n
by  S c h e r l e r  gave  a  b row n  v i s c o u s  o i l ,  w h ic h  was  d i g e s t e d  
w i t h  l i g r o i n ;  t h e  r e s i d u e  was c r y â t a l l i s e d  f ro m  m e t h a n o l
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t o  g i v e  t h e  c h l o r o t e t r a c h l o r i d e  (L IX ) ,  2 - i n e t h y l - l ,  1 , 2 , 3 , 4 -  
p e n t a c h l o r o - 1 , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e n e , (6 g r . ;  22^  
y i e l d )  a s  p r i s m s ,  m . p .  1 5 3 °  ( l i t  148<^) .  P o u n d :  C,
4 1 . 5 ;  H, 2 . 8 ;  C l ,  5 5 . 7 ;  C a l c u l a t e d  f o r  C^^HgCl^: C, 4 1 . 5 ;  
H, 2 . 9 ;  0 1 ,  5 5 . 6 ^ .
01 ,C1
H 01
( IX )
On h y d r o l y s i s  w i t h  a l c o h o l i c  p o t a s h  i t  g av e  2-me= 
t h y l - 1 , 3 , 4 ^ t r i c h l o r o n a p h t h a l e n e  (LX),  m*p. 1 8 1 . 5 ° 
( l i t 7 ,  1 8 2 ° ) .  F o u n d :  C, 5 3 - 9 ;  H, 3 . 0 ;  C l ,  4 3 . 3 ;  0 a l c .  
f o r  C^^H^Cl^:  C, 5 3 . 7 ;  H, 2 . 9 ;  C l ,  43 .4 /^ .
The c h l o r o t e t r a c h l o r i d e  was  o b t a i n e d  a l s o ,  i n  35^  
y i e l d ,  by  p a s s i n g  c h l o r i n e  g a s  i n t o  l - c h l o r o - 2 - m e t h y l ­
n a p h t h a l e n e  a t  room t e m p e r a t u r e . I t  was w a sh e d  w i t h  
p e n t a n e  and  c r y s t a l l i s e d  f ro m  m e t h a n o l  ( s e e  p a r a g r a p h  
12 . 1 ).
1 0 . 5 . 0  OTHER OHLORINATIONS OE 2-lVCETHYLNAPHTHALE]lE.
F u r t h e r  e x p e r i m e n t s  w ere  c a r r i e d  o u t  i n  a n  a t t e m p t  
t o  i d e n t i f y  t h e  p r i m a r y  p r o d u c t s  o f  c h l o r i n a t i o n  o f  
2 - m e t h y l n a p h t h a l e n e .
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( a )  The t o t a l  p r o d u c t  f ro m  2 - m e t h y l n a p h t h a l e n e  ( 0 . 0 8  M) 
and  c h l o r i n e  ( 0 . 0 6  M) i n  a c e t i c  a c i d  i n  t h e  d a r k  was 
ex a m in e d  by p . m . r .  s p e c t r o s c o p y .  The s p e c t r u m  was con= 
s i s t e n t  w i t h  t h e  c o m p o s i t i o n  i n d i c a t e d  e a r l i e r ;  no in =  
d i c a t i o n  was s e e n  o f  t h e  p r e s e n c e  o f  a n y  co m p o n en ts  con= 
t a i n i n g  c h l o r o m e t h y l -  g r o u p s , n o r  o f  a n y  c h l o r o - 2 - m e t h y l ­
n a p h t h a l e n e  t e t r a c h l o r i d e s .
( b )  As a n  e x t e n s i o n  o f  t h e  n o r m a l  t ± t r i m e t r i c  m e thod  
o f  d e t e r m i n i n g  t h e  e x t e n t  o f  s u b s t i t u t i o n ,  c h l o r i n e  
a d d i t i o n ,  and  a c e t o j s y c h i o i ? i n a t i o n ,  t h e  p r o d u c t s  w ere  
s u b j e c t e d  t o  c h r o m a t o g r a p h i c  s e p a r a t i o n  and  t h e  f a t e  
o f  t h e  c h l o r i n e  was d e t e r m i n e d  f ro m  t h e  q u a n t i t i e s  o f  
t h e  a d d u c t s  i s o l a t e d .  I n  g e n e r a l ,  t h e  q u a n t i t i e s  o f  
t h e  a d d u c t s  i s o l a t e d  a r e  o n l y  a  l i t t l e  l e s s  t h a n  t h e  
am o u n ts  p r e d i c t e d  by  t h e  t i t r i m e t r i c  r e s u l t s .  
C h ro m a to g ra p h y  was u s e d  a s  i s  d e s c r i b e d  i n  t h e  p a r a g r a p h  
9 . 1 ,  t o  d i v i d e  t h e  m i x t u r e  i n t o  t h r e e  m a in  c o m p o n e n t s .
The f i r s t  c o n t a i n e d  u n c h a n g e d  h y d r o c a r b o n  and  p r o d u c t s  
o f  s u b s t i t u t i o n ;  a n a l y s i s  by  v a p o u r - p h a s e  c h r o m a to g r a p h y  
f a i l e d  t o  show t h e  p r e s e n c e  o f  more t h a n  one m onoch lo=  
r o - d e r i v a t i v e , o r  o f  any  s i g n i f i c a n t  p r o p o r t i o n  o f  d i -  
o r  p o l y c h l o r o - d e r i v a t i v e s . The s e c o n d  f r a c t i o n  c o n t a i n e d  
a l l  t h e  p o l y c h l o r i d e s ;  p . m . r .  s p e c t r o s c o p y  showed t h a t  
v e r y  l i t t l e  o t h e r  t h a n  t h e  c h a r a c t e r i s e d  t e t r a c h l o r i d e  
was p r e s e n t .  The f i n a l  f r a c t i o n  c o n t a i n e d  t h e  a c e t o x y -  
t r i c h l o r i d e s ;  a g a i n  t h e  m a in  com ponen t  was t h e  a c e t o x y ­
t r i c h l o r i d e  a l r e a d y  m e n t i o n e d ,  and  n o t  more t h a n  a  t r a c e  
o f  o t h e r  a c e t o x y t r i c h l o r i d e s  ( ^  5 ^ )  was d e t e c t e d .
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1 0 . 6  1 ,  4-DIMTHYLMPHTHALENE.
A s o l u t i o n  o f  1 , 4 - d . i m e t h y l n a p h t h a l e n e , b .p  . 1 1 8 - 2 0 ^ /  
10 mm ( 0 . 1 3  M) i n  20 m l .  gla%zrial a c e t i c  a c i d  was t r e a t e d  
w i t h  g a s e o u s  c h l o r i n e  f o r  a p p r o x i m a t e l y  30  m i n . , a t  2 0 ®. 
The c h r o m a t o g r a p h i c  f r a c t i o n s  e l u t e d  w i t h  l i g h t  p e t r o =  
leum  and  e t h e r ,  gave  a  y e l l o w  o i l ,  w h ic h  c o n t a i n e d  s m a l l  
am o u n ts  o f  t h e  s t a r t i n g  m a t e r i a l  ( 3fo) and  two u n i d e n =  
t i f i e d  c h l o r i n e - s u b s t i t u t e d  p r o d u c t s  (one  o f  them  p r e =  
d o m i n a n t ) ,  a s  d e t e c t e d  by  v . p . c .  f u r t h e r  e l u t i o n  w i t h  
t h e  same s o l v e n t s  g av e  f r a c t i o n s  w i t h  s m a l l  am o u n ts  
( c a .  1  g r . )  o f  a  s o l i d  f r a c t i o n ,  w h ic h  a f t e r  r e p e a t e d  
c r y s t a l l i s a t i o n s  f ro m  p e t r o l e u m  e t h e r  ( b . p .  40-608)gave 
p r i s m s ,  m . p .  1 6 3 ^ .  f o u n d :  0 , 4 8 . 3 ;  H, 4 . 1 ;  0 1 , 4 7 . 9 ;  
C1 2 H1 2 C I 4 r e q u i r e s :  0 ,  4 8 . 3 ;  H, 4 . 1 ;  0 1 ,  4 7 . 7 ^ .
On o x i d a t i o n  w i t h  d i l u t e d  n i t r i c  a c i d  i t  g i v e s ,  
among o t h e r  p r o d u c t s ,  p h t h a l i c  a c i d ,  a s  r e c o g n i s e d  by  
t h e  i . r .  s p e c t r u m  w h i c h  was su p e rm m p o sab le  on t h a t  o f  
a  p u r e  s p e c i m e n .  The s t r u c t u r e  o f  t h e  compound, a s  de= 
d u c e d  f ro m  c h e m i c a l  and  s p e c t r o s c o p i c a  d a t a ^ * \  c o r r e =  
s p e n d s  t o  t h a t  o f  a  1 . 4 - d i m e t h y l - 1 , 2 , 3 , 4 - t e t r a c h l o r o -
1 , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e n e  ( L X I) .
^*^The p . m . r .  s p e c t r u m  shows s i g n a l s  a t  c a .  1 . 8 - 2 .5 
(m; 4 ® ) ;  5 . 0 9  ^  ( s ;  2 H ) ;  and  7 . 7 1  1:  ( s ;  6 H ) .  
f o r  a b b r e v i a t i o n s  an d  s y m b o l s , s e e  T a b le  16 , on pa=  
r a g r a p h  14 .
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I  Me Cl
H Me
01 0 1
H 1
01 0 1
Me
( L X I I )
On t r e a t m e n t  w i t h  a l c o h o l i c  KOH u n d e r  r e f l u x  f o r  
t h r e e  h o u r s ,  f o l l o w e d  by  r e c r y s t a l l i s a t i o n  o f  t h e  eva=  
p o r a t e d  e t h e r e a l  e x t r a c t s  w i t h  m e t h a n o l ,  t h e  a d d u c t  
(LXI)  g ave  a  d e r i v a t i v e ,  m . p . 95^ ( n e e d l e s ) .  A n a l y s i s :
G, 6 4 . 3 ;  H, 4 . 3 ;  r e q u i r e s :  C, 6 4 . 0 ;  H, 4 . 5 ;
C l ,  3 1 . 5 ^ .  T h e r e f o r e ,  (L X I I )  seem s t h e  c o r r e c t  s t r u c t u r e  
f o r  s u c h  d e r i v a t i v e .
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1 1 .  NAPHTHALENE DERIVATIVES WITH ONE OR MORE
DEACTIVATING SUBSTITUENTS.
A few  s c a t t e r e d  e x p e r i m e n t s  a r e  r e p o r t e d  4n  t h e  l i =  
t e r a t u r e  on t h e  f u r t h e r  h a l o g é n a t i o n  o f  h a l o g e n o - n a p h =  
t h a l e n e  d e r i v a t i v e s . On t h i s  p a r a g r a p h  a  more s y s t e m a t i c  
a p p r o a c h  i s  u s e d ,  and  t h e  a d d u c t s  o b t a i n e d  f ro m  s e v e r a l  
mono- and  b i - s u b s t i t u t e d  n a p h t h a l e n e s  w i t h  d e a c t i v a t i n g  
g r o u p s  i n  t h e  n u c l e u s  a r e  d e s c r i b e d .
Some o f  t h e  c h l o r i n a t i o n s  w e re  c a r r i e d  o u t  i n  d i f =  
f e r e n t  s o l v e n t s ,  b u t  f o l l o w i n g  a  m e thod  s i m i l a r  t o  t h a t  
p r e v i o u s l y  d e s c r i b e d  ( p a r a g r a p f  9 . 3 ) ,  w here  m a i n l y  a a c e =  
t i c  a c i d  was u s e d  a s  a  s o l v e n t .  I n  o u t l i n e ,  a  known 
q u a n t i t y  o f  t h e  n a p h t h a l e n e  was d i s s o l v e d  e i t h e r  i n  p u r e  
c h l o r o f o r m ,  o r  c a r b o n  t e t r a c h l o r i d e ,  o r  c a r b o n  d i s u l p h i =  
d e ,  f r e s h l y  d i s t i l l e d . A sa m p le  o f  t h e  s o l v e n t  was s a t u =  
r a t e d  v / i t h  c h l o r i n e  ( s o m e t im e s  c h l o r i n e  was d i r e c t l y  
b u b b l e d  i n t o  t h e  s o l u t i o n  c o n t a i n i n g  t h e  s t a r t i n g  p ro =  
d u c t )  and  t h e  h a l o g e n  was t i t r a t e d  w i t h  s o d iu m  t h i o s u l =  
p h a t e ,  a f t e r  p i p e t t i n g  a n  a l i q u o t  p a r t  i n t o  an  a q u e o u s  
s o l u t i o n  o f  p o t a s s i u m  i o d i d e  ; no s t a r c h  i s  n e e d e d  f o r  
t h e  end  p o i n t  d e t e c t i o n ,  b e c a u s e  t h e  i o d i n e  r e m a i n s  i n  
t h e  s m a l l  vo lum e o f  n o n - a q u e o u s  s o l v e n t .  C o n v e n i e n t  
v o lu m e s  o f  t h e  s u b s t r a t e  and  r e a g e n t  s o l u t i o n s  w ere  
s l o w l y  m ix ed  and  t h e  f l a s k  was l e f t  u n d e r  t h e  c h o s e n  
c o n d i t i o n s .  A f t e r  one o r  more d a y s ,  t h e  s o l v e n t  and  t h e  
h y d r o g e n  c h l o r i d e  p r o d u c e d  w ere  rem oved  u n d e r  r e d u c e d
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p r e s s u r e ,  and  a  m i x t u r e  o f  c r y s t a l s  and  l i q u i d  was u s  
u s u a l l y  o b t a i n e d .  The l a t t e r  was s e p a r a t e d  f r o m  t h e  
s o l i d  r e s i d u e  and  i f  n e c e s s a r y  c h r o m a t o g r a p h e d  o v e r  
s i l i c a  g e l .
1 1 . 1  CHLORINATION OP 1-CHLORO- AND 1 , 4-DICHLORO- 
NAPHTHALENE.
By c h o o s i n g  t h e  p r o p e r  e x p e r i m e n t a l  c o n d i t i o n s ,  a
num ber  o f  a d d i t i o n  p r o d u c t s  c a n  be o b t a i n e d  by  c h l o r i =
18  23 2 4n a t i n g  1 - c h l o r o n a p h t h a l e n e  ’ ’ , a s  shown by  t h e  s
scheme b e lo w :
C l
01 H
01 01
23
24
0 . Widman, B u l l . S o c . Ohim. F r . , 1 8 7 7 / 2 , 2 8 , 5  0 5 .  
W«P .W y n n e , J . O h e m . S o c . . 1 9 4 6 , 6 1 .
( L X I I I  )■
(LXIV)
(LXV)
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The a d d u c t s  iBcere s y n t h e s i s e d  e i t h e r  a c c o r d i n g  t o  
t h e  a l r e a d y  known p r o c e d u r e s  o r  by  u t i l i z i n g  one o f  t h e  
g e n e r a l  m e th o d s  d e s c r i b e d  on p ag e  74 and  p a g e  1 1 9 .
S a t u r a t i o n  o f  a  s o l u t i o n  o f  1 - c h l o r o n a p h t h a l e n e  
(25 g r . )  i n  two v o lu m e s  (33 g r . )  o f  l i g h t  p e t r o l e u m  ( b .  
p .  8 0 -1 0 0 ® ) ,  w i t h  c h l o r i n e  ( l 8  g r .  c a . )  gave  a  w e l l -  
c r y s t a l l i z e d  p r o d u c t  ( 7 . 7  g r . ) ,  e a s i l y  s e p a r a t e d  f ro m  
t h e  a c c o m p a n y in g  v i s c o u s  m a t e r i a l ,  and  r e s o l v e d  by  
f r a c t i o n a t i o n  f ro m  a l c o h o l  i n t o  1 , 4 - d i c h l o r o n a p h t h a l e n e , 
m .p .  68® ( c a .  1 g r . )  a n d  t h e  l - c h l o r o n a p g t h a l e n e  t e t r a ­
c h l o r i d e ,  m .p .  131-2® ( 5 . 7  g r . ;  P o u n d :  C, 3 9 . 5 ;  H, 2 . 4 ;  
0 1 ,  5 8 . 1 ;  r e q u i r e s :  0 ,  3 9 . 4 ;  H, 2 . 3 ;  0 1 ,  5 8 . 3 ^ )
The l a t t e r  i s  t h e  1 , 1 , 2 , 3 , 4 - p e n t a c h l o r o - l , 2 * 3 , 4 - t e t r a ­
h y d r o n a p h t h a l e n e  ( L X I I I ) .
Use o f  1 - c h l o r o n a p h t h a l e n e  a s  i t s  own s o l v e n t  r e s u l t s  
i n  a n  h i g h e r  y i e l d ,  w i t h o u t  a l t e r i n g  t h e  p r o p o r t i o n  o f  
t h e  p r o d u c t s  f o r m e d .
0 t  i s  i n t e r e s t i n g  t o  r e c o r d  t h a t  t h e  same a d d u c t  
( L X I I I ) c a n  a l s o  be o b t a i n e d  u n d e r  a  v a r i e t y  o f  o t h e r  
c o n d i t i o n s ,  a s  f o r  ex am p le  f ro m  m o l t e n  n a p h t h a l e n e  a s  
s t a r t i n g  m a t e r i a l ,  by  c h l o r i n a t i o n  w i t h  a  l a r g e  e x c e s s  
o f  g a s e o u s  c h l o r i n e
On a l k a l i n e  h y d r o l y s i s  i t  g av e  1 , 2  ; 3 - t r i c h l o r o n a p h =  
t h a l e n e ,  m .p .  79^80® ( l i t m . p .  84®).
l 8F o l l o w i n g  T u r n e r  and  Wynne , 32 g r .  o f  1 - c h l o r o -
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n a p h t h a l e n e  i n  80 g r .  o f  c h l o r o f o r m  w ere  c h l o r i n a t e d  
f o r  more t h a n  s i x  h o u r s ,  w i t h  a  f l o w  o f  d r y  c h l o r i n e ,  
a t  room t e m p e r a t u r e .  D u r i n g  t h e  l a s t  h o u r ,  c r y s t a l  f o r =  
m a t i o n  o c c u r r e d ;  t h e  s o l i d  f r a c t i o n  was s e p a r a t e d  and  
w ash ed  w i t h  s m a l l  am o u n ts  o f  c o l d  p e t r o l e u m  e t h e r .  P u r=  
t h e r  c r y s t a l l i n e  m a t e r i a l  s e p a r a t e d  o u t  f r o m  t h e  v i s c o u s  
l i q u i d  on s t a n d i n g .  T o t a l  y i e l d :  17 g r .  o f  c o l o u r l e s s  
p r i s m s ,  m .p .  172®, w h ic h  c o r r e s p o n d  t o  t h e  1 , 2 , 3 , 4 , 5 , 8 -  
h e x a c h l o r 0 - 1 , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e n e  ( LXIV) .
T h i s  a d d u c t  h a s  b e e n  a l s o  s y n t e s i s e d  b y  c h l o r i n a =  
t i n g  1 , 4 - d i c h l o r o n a p h t h a l e n e  i n  a c e t c i  a c i d .  The y i e l d s  
a r e  somewhat l o w e r  t h a n  t h o s e  p r e v i o u s l y  r e c o r d e d ,  b u t  
t h e  p r o d u c t  i s  p u r e r  ( m .p .  1 7 3 - 4 ® ) .  Pound :  C, 3 5 . 2 ;  H,
1 . 9 ;  C l ,  6 2 . 9 ;  G a l e ,  f o r  C^^H^Cl^: C, 3 5 . 4 ;  H, 1 . 8 ;  C l ,  
62.89& .
S a t u r a t i o n  o f  c a r b o n  d i s u l p h i d e  (300  g r . )  w i t h  
c h l o r i n e  ( c a .  35 g r . )  b e f o r e  i n t r o d u c t i o n  o f  t h e  1 -  
c h l o r o n a p h t h a l e n e  (3 0  g r . )  -  b e t t e r  s t i l l  by  d i s s o l v i n g  
16 g r .  o f  1 - c h l o r o n a p h t h a l e n e  t e t r a c h l o r i d e  ( L X I I I ) i n  
c a b o n  d i s u l p h i d e  b e f o r e  p a s s a g e  o f  t h e  g a s  -  and  expo= 
s u r e  t o  b r i g h t  s u n s h i n e  u n t i l  t h e  r a p i d  e m i s s i o n  o f  
h y d r o g e n  c h l o r i d e  c e a s e s ,  gave  y i e l d s  o f  1 0 -1 3  g r .  o f  
s m a l l  e l o n g a t e d  p r i s m s ,  m . p .  158® ( f r o m  e t h a n o l ) ;
1 , 1 , 2 , 3 , 4 . 4 - h e  x a c h l o r o - 1 , 2 , 3 , 4 - t e  t r a h y d r o n a p h t h a l e n e  
(LXV), much u n c h a n g e d  mono- o r  p e n t a - c h l o r i d e , m . p . 1 3 2 ®, 
b e i n g  r e c o v e r e d  ( 8 - 1 0  g r . ) .
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1 1 . 2  CHLORINATION OR 1-BROMO- AND 1,4-LIBROMO- 
NAPHTHALENE.
The e x p e r i m e n t a l  d e t a i l s  l e a d i n g  t o  t h e  s y n t h e s i s  
o f  1 - b r o m o - l , 2 , 3  $4 - t e t r a c h l o r o - l , 2 , 3 , 4 ~ t e t r a h y d r o n a p h ­
t h a l e n e  (LXVI)$ m .p ;  1 2 9 - 1 3 0 ^ ,  f r o m  1 - h r o m o n a p h t h a l e ne 
and  c h l o r i n e  i n  e x c e s s ,  a r e  s i m i l a r  t o  t h o s e  d e s c r i b e d  
f o r  t h e  c o r r e s p o n d i n g  c h l o r o n a p h t h a l e n e  t e t r a c h l o r i d e  
( L X I I l ) .  The a n a l y s i s  g a v e :  C, 3 4 . 6 ;  H, 2 . 1 ;  B r ,  2 3 . 0 ;  
0 1 ,  4 0 . 8 ;  O^^H^BrCl^ r e q u i r e s :  0 ,  3 4 . 4 ;  H, 2 . 0 ;  B r , 2 2 . 9 ;  
01, 40. 7^ .
(LXVI)
H 01
G ase o u s  c h l o r i n e ,  b u b b l e d  i n t o  a  s o l u t i o n  o f  1 - b r o -  
m o n a p h t h a l e n e  i n  c h l o r o f o r m ,  gave  a  m i x t u r e  r e s o l v e d  
w i t h  d i f f i c u l t y  i n t o  t h r e e  m a in  c o m p o n en ts  by  co lum n 
c h r o m a t o g r a p h y . They a r e :
( a )  8 - B r o m o - l , 2 , 3 , 4 , 5 - p e n t a c h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o ­
n a p h t h a l e n e  (L X V II) ,  m . p .  1 7 9 . 5 ^  ( e l o n g a t e d  p r i s m s ) .  
Pound : 0 ,  3 1 .6  ; H, 1 . 7 ;  B r ,  2 0 . 7 ;  0 1 ,  4 6 . 3 ;  
r e q u i r e s :  0 ,  3 1 . 3 ;  H, 1 . 6 ;  B r ,  2 0 . 8 ;  0 1 ,  46.3?^. The 
s t r u c t u r e  o f  t h i s  a d d i t i o n  p r o d u c t  was c o n f i r m e d  by
a n o t h e r  r o u t e , f r o m  l - b r o m o - 4 - c h l o r o n a p h t h a l e n e  a s
25s t a r t i n g  m a t e r i a l
S u z u k i ,  p r i v a t e  c o m m u n ic a t io n .
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H C l
( L x y i i )
H C l
( b )  The p r e v i o u s l y  r e p o r t e d  d i c h l o r o n a p h t h a l e n e  t e t r a =  
c h l o r i d e  (LXIV),  whose f o r m a t i o n  i n v o l v e s  a d d i t i o n  o f  
two m o le s  o f  c h l o r i n e  i n  t h e  u n s u b s t i t u t e d  g i n g ,  and  
s u b s t i t u t i o n  by  c h l o r i n e  o f  t h e  h y d r o g e n  and  b ro m in e  
a to m s  i n  t h e  4 -  and  1 - p o s i t i o n  r e s p e c t i v e l y .
( c )  f i n a l l y ,  t h e  1 , 2 , 3 , 4 , 5 - p e n t a c h l o r o - l , 2 , 3 , 4 - t e t r a -  
h y d r o n a p h t h a l e ne ( L X V I I l ) ,  m .p .  1 6 2 ^ ,  w here  r e p l a c e m e n t  
o f  b ro m in e  by c h l o r i n e  and  c h l o r i n e  a d d i t i o n  t o  t h e  e  
o t h e r  r i n g  h a d  b o t h  o c c u r r e d .
( L 2 Y II I  )
H C l
1 , 4 - D i b r o m o n a p h t h a l e n e  (35 g r . )  was d i s s o l v e d  i n  
15 g r .  o f  a n h y d r o u s  c h l o r o f o r m ,  and  a  f l o w  o f  d r y  c h l o =  
r i n e  awas a l l b w e d  i n t o  t h e  s o l u t i o n  d u r i n g  two h o u r s .
A s o l i d  m ass  r e s u l t e d ,  a f t e r  some c o l o u r  c h a n g e s  o f  t h e  
s o l u t i o n  ( c o l o u r l e s s  —► y e l l o w  — ^  r e d  ) ;  i t  was s e p a =  
r a t e d  by d e c a n t i n g  t h e  l i q u i d  f r a c t i o n ,  w h ic h  on s t a n =
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d i n g  g av e  a  f u r t h e r  c r è p  o f  a l m o s t  c o l o u r l e s s  p r i s m s .  
T o t a l  y i e l d ,  4 . 4 7  g r .  The c r y s t a l s  w ere  t r e a t e d  w i t h  
c o l d  p e n t a n e  a n d ,  r e c r y s t a l l i z e d  f r o m  l i g r o i n  ( b . p .  
1 0 0 - 1 2 0 ^ ) ,  r e s u l t e d  i n  a  m i x t u r e  o f  (L X V I l ) ,  ( L Z I I l ) ,  
and  (LZIX) -  t h e r  f o r m e r  p r e d o m i n a t i n g .
Br C l
T h e i r  s e p a r a t i o n  p r o v e d  t o  be r a t h e r  d i f f i c u l t ,  and 
t h e  c o m p o s i t i o n  o f  t h e  m i x t u r e  i s  d e d u c e d  f ro m  t h e  
p . m . r .  s p e c t r u m .
1 2 .  NAPHTHALENE DERIVATIVES WITH MIXED SUBSTITUENTS
The c h l o r i n a t i o n  o f  n a p h t h a l e n e  d e r i v a t i v e s  w i t h  
m ix e d  s u b s t i t u e n t s  on t h e  a r o m a t i c  n u c l e u s ,  was m a i n l y  
p e r f o r m e d  i n  o r d e r  t o  o b t a i n  a t r u c t u r a l  i n f o r m a t i o n s  
a b o u t  t h e  p o s i t i o n  o f  h a l o g e n  a to m s  i n  t h e  m o le c u l e  o f  
some a d d u c t s  d e r i v e d  f ro m  1 - ,  and  2 - m e t h y l n a p h t h a l e n e .
1 2 . 1  CHLORINATION OP l-CHLORO-2-METHYLNAPSTHALENE.
The l - c h l o r o - 2 - f i e t h y I n a p h t h a l e n e  (15 g r . )  was a l =  
low ed  t o  r e a c t  a t  room t e m p e r a t u r e  w i t h  d r y  c h l o r i n e  i n  
e x c e s s ,  w i t h o u t  s o l v e n t .  The r e a c t i o n  m i x t u r e  was wor= 
k ed  u p  i n  t h e  u s u a l  way t o  g i v e  a  s o l i d ,  m . p .  1 4 6 -7 ^  
a f t e r  r e p e a t e d  t r e a t m e n t  w iÿ h  p e n t a n e  and  s t a n d i n g  on
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a  p o r o u s  p l a t e ;  y i e l d ,  c a .  35fo. Re c r y s t a l l i z a t i o n  f ro m  
m e t h a n o l  i n c r e a s e d  t h e  m.p* t o  1 5 3 ^ ,  and  t h e  p r o d u c t  
was r e c o g n i z e d  t o  he t h e  a l r e a d y  known 2- m e t h y l - 1 , 1 , 2 , 3 , 4  
p e n t a c h l o r o - 1 , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e n e  ( L I X ) .  See 
a l s o  p a r a g r a p h  1 0 . 5 .B .  The above  d e s c r i b e d  s y n t h e s i s  
d e m o n s t r a t e s  u n a m b i g u o u s l y  t h e  p o s i t i o n  o f  t h e  f i f t h  
c h l o r i n e  a tom  i n  t h e  n a p h t h a l e n e  r i n g .
I t  i s  n o t e w o r t h  m e n t i o n i n g  t h a t  a n  i s o m e r i c  c h l o r o -
t e t r a c h l o r i d e  (LXX), m .p ;  1 3 7 - 8 ^  ( 2 - m e t h y l - 1 , 5 , 6 $ 7 , 8 -
p e n t a c h l o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o n a p h t h a l e n e  ) ,  was  a l s o
17o b t a i n e d  by  de l a  Mare and  S u z u k i  , t o g e t h e r  w i t h  t h e  
p r e v i o u s  a d d u c t  (L IX ) ,  b y  t r e a t m e n t  o f  t h e  t i t l e  compound 
w i t h  s u l p h u r y l  c h l o r i d e ,  u n d e r  a n a l o g o u s  e x p e r i m e n t a l  
c o n d i t i o n s .
(LXX)
1 2 . 2  CHLORINATION OR l-CHLORO-4-METHYLNAPHTHALENE.
T h i s  compound u n d e r w e n t  c h l o r i n a t i o n  e i t h e r  a l o n e  
o r  i n  a c e t i c  a c i d ,  an d  g a v e ,  t o g e t h e r  w i t h  s u b s t i t u t i o n ,  
two d i f f e r e n t  a d d i t i o n  p r o d u c t s .
( a )  I n  t h e  f i r s t  c a s e  a  s i m i l a r  p r o c e d u r e  was a d o p t e d  
a s  f o r  l - c % l o r o - 2 - m e t h y l n a p h t h a l e n e , and  t h e  c h l o r o -
Me
C l C l
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t e t r a c h l o r i d e  ( X L I l )  was o b t a i n e d ,  h a v i n g  m . p .  1 5 8 ° ;  
t r a c e s  o f  (XXXIX) w e re  a l s o  d e t e c t e d  i n  t h e  m o t h e r  
l i q u o r s .
T h i s  a l t e r n a t i v e  s y n t h e s i s  a s  w e l l  a s  t h e  p r e v i o u s  
one ( s e e  p a r a g r a p h  l O . l . B ) ,  e s t a b l i s h e d  t h e  s t r u c t u r e  
o f  t h e  a d d u c t  a s  f a r  s k  t h e  p o s i t i o n  o f  one o f  t h e  c h l o =  
r i n e  a to m s  i s  c o n c e r n e d ;  t h e  s t r u c t u r e  m u s t  s u r e l y  be 
a s  r e p r e s e n t e d  i n  t h e  f o r m u l a  d e p i c t e d  b e lo w ;
3 ^ ^  l e
a -
Cl.
H 01 G1 
(X L I I )  (XXXIX)
( b )  The s e c o n d  c h l o r o t e t r a c h l o r i d e  was o b t a i n e d  when 
c h l o r i n e  was  b u b b l e d  d u r i n g  90 m in  i n t o  a  s o l u t i o n  o #  
1 - c h l o r o - 4 -m e t h y l n a p h t h a l e n e  (15 g r . )  i n  a c e t i c  a c i d  
(5 0  m l . ) ,  a t  room t e m p e r a t u r e .  Column c h r o m a t o g r a p h y  on 
s i l i c a  g e l  f o l l o w e d ,  and  g ave  t h e  a l r e a d y  s y n t h e s i s e d  
1 - m e t h y l - 4 , 5 , 6 , 7 , 8 - p e n t a c h l o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o n a p h = 
t h a l e n e  (XXXIX), m . p .  1 7 8 ° ,  a s  e l u t e d  w i t h  l i g h t  p e t r o =  
l e u m .  See a l s o  p a r a g r a p h  l O . l . B .  I t  i s  t h u s  c o n f i r m e d  
t h a t  t h e  p o s i t i o n  o f  one o f  t h e  c h l o r i n e  a to m s  i s  on 
t h e  4 - c a r b o n ,  w h i l e  t h e  o t h e r s  a d d e d  t o  t h e  s e c o n d  r i n g .
S u b s e q u e n t  f r a c t i o n ®  f ro m  l i g h t  p e t r o l e u m  and  ben= 
z e n e ,  l e f t  a  l i t t l e  y e l l o w  r e s i d u e  w h ic h  s o o n  c r y s t a l l i =  
z e d ,  and  r e s u l t e d  t o  be a  m i x t u r e  o f  t h e  i s o m e r i c  ace=  
t o x y c h l o r i d e s  (XLIV) and  (XLV).
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1 3 .  RATES OE ALKALINE LEEYLROCHLORINATION OE SOME 
ADDITION PRODUCTS.
The r a t e s  o f  a l k a l i n e  d e h y d r o c h l o r i n a t i o n  o f  some 
a d d u c t s  h av e  b e e n  s t u d i e d  i n  o u t l i n e ,  e s s e n t i a l l y  t o  
e s t a b l i s h  w h e t h e r  t h e  f i r s t  s t a g e s  o f  t h e  r e a c t i o n s  
a r e  f a s t  o r  s l o w .
The r a t e s  o f  r e a c t i o n  w ere  m e a s u r e d  i n  t h e  f o l l o w i n g  
w ay .  To a  s o l u t i o n  o f  t h e  a d d i t i o n  compound i n  m e t h a n o l  
and  a c e t o n e  (55^) was a d d e d ,  a t  2 5 . 0 ° ,  a  s o l u t i o n  o f  so=  
d ium  m e th o x i d e  i n  m e t h a n o l / b e n z e n e .  At t im e d  i n t e r v a l s ,  
a l i q u o t  p a r t s  w ere  rem oved  f o r  q u e n c h i n g  i n  e x c e s s  o f  
a q u e o u s  n i t r i c  a c i d  (2 M), and  w ere  p o t e n t i o m e t r i c a l l y  
t i t r a t e d  w i t h  a  s t a n d a r d  s o l u t i o n  o f  s i l v e r  n i t r a t e .
The a d d u c t s  a r e  n o t  v e r y  s o l u b l e  i n  m e t h a n o l  o r  e t h a n o l ,
and  h e n c e  a  m i x t u r e  o f  m e t h a n o l  and  a c e t o n e  ( 8 0 : 2 0  v / v ) ,
w i t h  t r a c e s  o f  b e n z e n e  was u s e d .
lv a lu e s  o f  (m in  h av e  b e e n  c a l c u l a t e d  f o r  a
p s e u d o - u n i m o l e c u l a r  r e a c t i o n ,  by  u s i n g  t h e  f o r m u l a :
= 2 .3 0 3  log^Q  ( n b / n b - x  ) /  t
V a l u e s  o f  kg (1  m o le ” ^ m in ~ ^ )  h a v e  b e e n  o b t a i n e d  by  
t h e  e q u a t i o n :
2 .3 0 3  . ( a - x ) n bk  = -----------------  l o g  -----  — -------—
t ( a - n b )  ( n b - x ) a
w h e re  a  and  b a r e  t h e  i n i t i a l  m o l a r i t i e s  o f  t h e  a d d u c t  
and  t h e  a l k a l i n e  a g e n t ,  r e s p e c t i v e l y ;  x  i s  t h e  co ncen=
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t r a t i o n  o f  i n o r g a n i c  c h l o r i d e  l i b e r a t e d  a t  t im e  t , a n d  
n  r e p r e s e n t s  t h e  num ber  o f  c h l o r i n e  a tom s  e l i m i n a t e d  
f ro m  b .
T a b l e s  5 t o  8,  g i v e  t h e  r e s u l t s  o b t a i n e d  f o r  some
1 -  and  2 - m e t h y l n a p h t h a l e n e  t e t r a -  and  p e n t a - c h l o r i d e s .
I n  t h e  F i g u r e  a r e  p l o t t e d  t h e  r a t e s  o f  l i b e r a t i o n  o f
c h l o r i d e  i o n s  f ro m  2- m e t h y l n a p h t h a l e n e  t e t r a c h l o r i d e ,
a c e t o x y t r i c h l o r i d e ,  and  h y d r o x y t r i c h l o r i d e .
F o r  c o m p a r i s o n ,  t h e  r e l a t i v e  r a t e s  o f  d e h y d r o c h l o =
19r i n a t i o n  o f  n a p h t h a l e n e  and  b e n z e n e  t e t r a c h l o r i d e s  
a r e  a l s o  r e p o r t e d  on T a b le  9 .
TABLE 5 .  R a te  o f  a l k a l i n e  d e h y d r o c h l o r i n a t i o n  f o r
1-me t h y l - 1 , 2 , 3 , 4 , 4 - p e n t a c h l o r o - l , 2 , 3 , 4 - t e  t r a ­
h y d r o n a p h t h a l e n e , XLII ( 0 . 0 4 0 7  M) w i t h  p o t a s =  
s iu m  m e th o x id e  ( 0 .0 4 7 6  M) i n  a  m i x t u r e  o f  
m e t h a n o l ,  a c e t o n e ,  and  b e n z e n e ,  a t  2 5 . 0 ° .  
P o t e n t i o m e t r i e  t i t r a t i o n  a g a i n s t  a  0 .0 1 2 8 2  M 
s i l v e r  n i t r a t e  s o l u t i o n .  The i n i t i a l  co ncen=  
t r a t i o n s  o f  t h e  a d d u c t  and  o f  MeOX h av e  b e e n  
m u l t i p l i e d  b y  tw o .
T im e (m in ) T i t r e (m l) ^ 1 kg r e a c t i o n
2 . 0 0 0 .9 6 0 . 1 8 0 3 . 9 1  6 1 . 0
3 . 7 0 1 .4 5 0 .1 6 5 3 . 6 4  9 1 . 4
6 . 5 3 1 . 9 7 0 .1 4 9 3 . 3 4  1 2 4 .5
9 . 9 7 2 . 1 2 0 . 1 1 4 2 . 5 0  1 3 0 .5
1 7 . 1 2 . 7 0 0 . 1 1 1 2 . 6 0  170
2 4 . 7 2 .8 2 0 . 0 8 9 2 . 0 9  178
3 5 . 8 3 . 0 0 0 . 0 8 1 1 . 9 5  189
46 .4 3 . 0 4 0 . 0 6 8 1 . 6 5  192
6 0 . 4 3 . 0 8 0 . 0 5 8 1 . 4 2  194
8 8 .7 3 . 1 2 0 .0 5 6 1 .1 3  197
cto 3 . 1 4 - —  —
130
TABLE 6 .  R a te  o f  a l k a l i n e  d e h y d r o c h l o r i n a t i o n  f o r
2- m e t h y l - 1 , 2 , 3 , 4 - t e  t r a c h l o r o - l , 2 , 3 , 4 - t e  t r a ­
h y d r o n a p h t h a l e n e , L I  ( 0 , 0 0 9 7 7  M) w i t h  so d iu m  
m e th o x id e  ( 0 . 2 8 1  M).
O t h e r  e x p e r i m e n t a l  p a r a m e t e r s , a s  i n  T a b le  5 .  
Time (m in )  T i t r e  (m l)  io r e a c t i o n
0 .0 1 5  m in  ^
1 . 8 0 .6 6 1 5 . 8
5 .6 1 .8 3 4 3 . 9
1 0 . 7 2 .8 5 6 8 . 4  k  =
1 9 . 5 3 . 9 2 9 4 . 1  1
3 2 . 1 4 .6 6 112 kp =
5 4 . 7 5 .1 6 124
7 6 . 9 5 . 4 8 132
1 0 3 . 4 5 . 7 4 138
00 8 .3 3 —
0 . 2 9  1 m ole  ^ m in  ^
TABLE 7 .  R a te  o f  a l k a l i n e  d e h y d r o c h l o r i n a t i o n  f o r
1 - a c e t o x y - 3 - m e  t h y l - 2 , 3 , 4 - t r i c h l o r o - l , 2 , 3 , 4 -  
t e t r a h y d r o n a p h t h a l e n e , L I I  ( 0 . 0 0 5 8 8  M) w i t h  
so d iu m  m e t h o x i d e  ( 0 . 2 3 1  M).
O t h e r  e x p e r i m e n t a l  c o n d i t i o n s , a s  i n  T a b le  5 .
T im e (m in ) T i t r e (m l ) io r e a c t i o n
2 . 0 8 0 . 7 4 2 0 . 8
4 .7 5 1 . 1 8 3 3 . 2
8 . 1 0 — -
1 4 .3 5 2 .4 5 6 8 . 8
2 5 . 0 3 . 5 4 9 9 . 4
3 7 . 0 4 .4 2 124
5 2 .2 5 5 .2 2 147
8 4 . 8 6 . 2 4 176
00 7 . 1 1 -
-1
k ^  = 0 . 0 0 9  m in
-1 -1 k ^  = 0 .1 0 6  1 mole m in
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TABLE 8 .  R a te  o f  a l k a l i n e  d e h y d r o c h l o r i n a t i o n  f o r
l - h y d r o x y - 3 - m e t h y l - 2 , 3 , 4 - t r i c h l o r o - l , 2 , 3 , 4 -  
t e t r a h y d r o n a p h t h a l e n e , LIV ( 0 .0 0 5 9 0  M) w i t h  
so d iu m  m e t h o x i d e  ( 0 . 2 9 8  M).
O t h e r  e x p e r i m e n t a l  c o n d i t i o n s , a s  i n  T a b le  5 .
T im e (m in )  T i t r e (m l)  i  r e a c t i o n
3 . 5 1
1 1 .1 5
1 5 .1 5  
2 1 . 0  
2 8 . 4
4 0 .1 5
5 0 .1 5  
6 0 . 0
00
0 . 7 7
1 . 7 9  
2 .2 5
2 .8 0  
3 . 3 9  
4 . 0 9  
4 . 4 7  
4 . 7 9  
5 .6 3
2 7 . 4
6 3 .5  
8 0 .0  
9 9 . 4
1 2 0 .5
1 4 5 . 4
158.8
170
kg = 0 .1 0 6  1 m ole  ^m in  ^
TABLE 9 .  R e l a t i v e  r a t e s  o f  d e h y d r o c h l o r i n a t i o n  o f  naph=  
t h a l e n e  and  b e n z e n e  t e t r a c h l o r i d e s ,  w i t h  sod ium
a l k o x i d e ^ S .
M ain  c o n f o r m a t i o n ;  
d i s p o s i t i o n  o f  Cl
N a p h t h a l e n e  
t e  t r a c h l o r i d e  s
B enzene
t e t r a c h l o r i d e s
I s o m e r k2 I s o m e r k2
a* eea *  (e  *aae *) a l p h a 3 . 0 0 b e t a 4 . 0 0
e * e e e  * gamma 0 .1 5 d e l t a 0 . 0 7 2
a * e e e  * d e l t a 5 . 9 gamma 1 6 . 4
a * a e e  * e p s i l o n 0 .2 3 a l p h a 0 .4 3
e *eae * — — e p s i l o n  500
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1 4 .  INPHARED AM) MJCLEAR MAGNETIC RESONANCE SPECTRA.
The i n f r a r e d  and  n u c l e a r  m a g n e t i c  r e s o n a n c e  sp e c =
t r a  o f  m o s t  o f  th e  com pounds m e n t io n e d  above w ere  d e t e r =
m ined  by  u s i n g  s t a n d a r d  e q u ip m e n t  a s  s p e c i f i e d  i n  a n
e a r l i e r  p a r a g r a p h  ( 9 . 2 ) .  The r e s u l t s  a r e  su m m ar ise d  i n
t h e  fo l lo w m n g  T a b le s  (1 0  t o  19 ) •
The N u jo l  i . r .  a b s o r p t i o n s  a t  1375 and  1450  cm
H e re  o m i t t e d .  A l l  t h e  a d d i t i o n  com pounds h av e  s t r o n g
a p s o r p t i o n  b a n d s  i n  th e  r e g i o n  e x p e c t e d  f o r  t h e  C -C l
s t r e t c h i n g  f r e q u e n c y  (6 5 0 -8 0 0  cm ^ ) .
M ost o f  t h e  p . m . r .  s p e c t r a  w ere  d e t e r m in e d  a t  t h e
U n i v e r s i t y  C o l l e g e ,  London, by D r .  M.D. J o h n s o n ,  t o
whom I  am i n d e b t e d .  C e r t a i n  o f  t h e  s p e c t r a  w ere  r e c o r =
d ed  by  D r .  L . P h i l l i p s  ( I m p e r i a l  C o l l e g e  o f  S c ie n c e  and
T e c h n o lo g y )  by  u s i n g  a  V a r i a n  100 M c /s e c .  s p e c t r o m e t e r ;
I  am i n d e b t e d  t o  h im  f o r  t h e s e  m e a s u re m e n ts ,  w h ic h
i n c l u d e d  s p i n  d e c o u p le d  s p e c t r a  o f  compound (XXXIX).
T a b le  20 l i s t s  f o r  c o m p a r is o n  th e  p . m . r .  s p e c t r a
o f  th e  c h l o r i n e  a d d i t i o n  com pounds f ro m  n a p h t h a l e n e ,
12
a s  r e p o r t e d  by de l a  Mare and  c o l l .
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-1TABLE 1 0 . In fra red  sp e c tr a  (ran ge , 580-2000 cm ) o f  / \
1-m eth ylnap h th alene and some o f i t s  d e r iv a t iv e s .
l - M e t h y l - l"*Chloi*o— 1 - O h l o r o -
n a p h t h a l e n e me t h y l ­
n a p h t h a l e n e
4-me t h y l ­
n a p h t h a l e n e
5 8 1  m 1218
» # # # # # »
1 2 0 9
# * * # #
1 2 2 5
620 626 m 620 1 2 3 3
645 s 1 2 4 2 1 2 5 2  m 1 2 5 5
691 694 s 690 1269 1269  m
700 714  s 703 1346 1350
711 1385 m 1 3 9 1 1377
737 m 743 m 754  v s 1403 m 1416
769 s 1445 e 1447 m 1441
7 8 1  v s 776 8 1468 1 4 5 1
789 s 795 s 1515 1506 1504
806 s 8O6 s 1577 1570
8 1 8  s 1605 s 1597 1595
855
875 m
858
899 9 0 0
9 1 2
9 0 2
9 2 2  m
951 951
966 974 •
979 986  m
998
1 020  m 1014 m 1027  m
1035 1044
1 078 1074 1075
1 0 9 1
1114
1126
1144 1 1 3 4 4
1167 m 1164 m
1 1 8 9
1 1 5 9  
1 1 9 3  m 
# # # # # # # # # » # # *
9f#f
# # * e #
):
v i  = v e r y  s t r o n g ;  s  = s t r o n g ;  m = m edium ; s h  
A l l  o t h e r  a b s o r p t i o n s  a r e  w e a k .
s h o u l d e r .
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TABLE 1 0 . (co n tin u ed )
2 , 3 - B i c l o r o -  
l - m e t h o x y -  
met h y l ­
n a p h t h a l e n e  , 
(9DŒVII) 
i n  N u jo l
1 - M e t h y l -  
2 , 3 , 4 - t r i -  
c h l o r o -  
n a p h t h a ï e n e , 
( X L I I I )  
i n  N u j o l
M ix tu r e  o f  
1-me t h y l -  
t r i c h l o r o -  
n a p h t h a l e n e s  
e x  h y d r o l y s i s  
o f  (XXXIX) 
i n  N u j o l
#  $  #  »  *
593 580 585
602
1261
1307 1297
608 619 621 m 1326 1321m 1326 s h
640 641 1 3 3 3 s 1335 m
688 671 m 1353m 1348 1350 s h
729  m 718 1391 1362m 1368 m
7 3 9 s  + 7 4 2 s , s h 749  8 1408
768 m 764 1439 Sh
777 777
794
817
830
m
8
1488m
1499
1565
1580
1495m
1535
1481
1582
m
3
841 855 v s 1592
875 s 888 m 870
902
912 925
945 m 941
954 8 960 959
993
1004
1018
1009
1027
1059 1038 1052
1066 1068 1074
1098 8 1104
1114
1125 m
1136 m 1149 1139
1163 m 1168
1186 1189 1185 s
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TABLE 11 . In frared  sp ec tra  (ran^e, 600-2000 cm~^) o f
24-methylnaphthalene and some ; o f i t s  d e r iv a t iv e s
2 - M e th y l -  1 - C h l o r p -  1 , 4 - D i c h l o r o -  1 -C h .lo ro -  2 -Me th y  1-1 ,3 ,4  -  
n a p h t h a -  2 - m e t h y l -  2- m e t h y l -  2 - m e th y l -  t r i c h l o r o -  
l e n e  n a p h t h a -  n a p h t h a l e n e ,  n a p h t h - 4 -  n a p h t h a l e n e ,  
l e n e  (LIV ) o l , ( l V I I l )  (LX)
i n  N u jo l  i n  N u jo l  i n  N u jo l
620  m 613
626 m 633 m 629 625 623 s h
653 s 649 652
690 694
702 714
740 s 740 s 754 v s 747 v s 756 v s
764 m 767 s 768 s h
783 s h 780 s h 775 s h
810 s 806 s 809
824 m
861 863 m 853 m
887 m
901 m 915 909 s h 910
918 928 918 m
948 958 952 950 949
961 979 8 996
1004
1020 1021 m 1030 1027 1032
1038 1033 m 1044 m 1044 m
1074 8
1122
1142 1140 1147 1147 1144
1153 1148 1157 1152
1174 1163
1 ^ 5 1193 1351m 1193 1350 1195 135 0 s
1203 1383 1404
1 2 1 2  1431m 1211 1443 1218 1217
1238 3453 m 1227 m 1481 1493 1236
1253 3551m 1263 m 1508m 1250 s 1256 m 1263 m
1272 1550 1274
1582 1335 s  1570 1318 8 1572 1321 1587 1595m
3608m 3608m 1332 1333 1326
1634 1634 1631
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TABLE 12 • In frared  sp ec tra  (range 600-2000 cm“" )^ o f
oth er 2 - ,  and 1 , 4 -s u b s t itu te d  naphthalenes
l - E t h y l -  
n a p h t h a l e n e
1 - P h e n y l -  
n a p h t h a l e n e
2 , 3 - D l c h l o r o -  
1 - p h e n y l -  
n a p h t h a l e n e , 
( X I V I I I )  
i n  N u jo l
x - C h l o r o -  
1 - p h e n y l -  
n a p h t h a l e n e , 
(XLIX) 
i n  N u jo l
621 648 655 638
649 690 693 672
730 m 695 m 699 m 690 8
775 s 730 755 s h 732 8
784 s h 752 m 762 s 741 8
794 s 774 s 779 772 m
855 s h 798 m 832 782
858 862 840 m 847 m
897 916 892 873 m
952 958 950 885 m
971 1010 972 974
1006 m. 1021 975 1020
1025 m 1062 1000 1060
1058 m 1104 1028 1114 s h
1083 1144 1067 1120 m
1143 1168 1128 1140 s h
1160 m 1190 1149 1148
1193 1232 1193 1162
1208 1324 1243 1193
1233 1381 m 1272 12 8 6
1263 1431 1381 m 1300
1316 1478 1445 m 1359 m
1372 1496 1464 1372
1389 m 1568 1496 1318
1447 m 1505 1425 m
1466 m 
1508 m 
1592 m
1569
1585
1441
1462
1530
1550
m
Eor abbreviatioi]^  see  Footnote to  Table* 10
138
TABLE 12 . (con tin u ed )
1 - C h l o r o - 1 -B rom o- 1 , 4 - D i c h l o r o - 1 , 4 -D ih ro m o -
n a p h t h a l e n e n a p i i th a le n e n a p h t h a l e n e  
i n  N u jo l
n a p h t h a l e n e  
i n  N u jo l
665 m 648 m 674 661
741 725 754 s 725
766 s 760 s 815 s 749 s
791 s 790 s 818 s h 762
807 806 m 897 813 s
827 854 952 8 2 0  m
847 896 982 8 860
968 m 950 s 1030 910
1020 1013 m 1139 924
1060 1046 1152 930
1073 1122 m 1181 m 961 s
1136 1148 1203 1018
1161 1186 m 1252 m 1029
1200 1199 1266 1092
1248 1238 m 1299 1126 s h
1337 1327 1333 1133 m
1379 m 1368 s 1346 1153
1449 1420 1364 m 1163
1499 1442 1408 1178 m
1560 1487 m 1447 1197
1587 1542 1493 1248 m
1570 1587 1262 
1297 
1324 
1367 s  
1412 
1465 m 
1494 m 
1581
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TABLE 13 . In frared  sp e c tr a  (range, 580-2000 o f
some adducts d erived  from 1-me th y lnap h th alen e
and 1 -ch lorom eth y ln ap h th a len e, in  N u jo l.
1 —Me t h y l — 
n a p h t h a l e n e -  
1 ,2  j 3 > 4 —t e  t r a — 
c h l o r i d e , 
(XXXV)
1 -C h lo ro m e  t h y l ­
n a p h t h a l e n e -  
1 , 2 , 3 , 4 “ t e  t r a — 
c h l o r i d e , 
(XXXVI)
l - M e t h y l - 4 -  
c h l o r o n a p h t h a -  
l e n e - 5 , 6 , 7 , 8 -  
t e t r a c h l o r i d e ,  
(XXXLX)
1—Me t h y 1—4— 
c h l o r o n a p h t h a  
l e n e - 1 , 2 , 3 , 4 -  
t e t r a c h l o r i d e  
(X L II )
587 m 592 1348 581 581 1233m
599 m 607 m 1445 s 635 m 596 1260
646 S h 635 1495 677 620 1302
655 v s 667 6 9 8  s 635m 1325
746 m 649 s 761 8 680 1340
753 s 724 8 769 Sh 698 m 1 4 5 3 s
779 s 753 m 826  8 7 2 5 s 1490
819 m 762 836 m 754s
846 m 781 881 76 2 s
861 814 91 9 784
874 821 952 83im
925 831 1036 835
952 851 m 1 1 3 0 844
996 m 861 1149 857
1029 877 1178 878 ,
1042 m 912 1205 897
1062 m 996 1222 919
1101 1010 1233 928
1115 1053 1260 951
1152 1066 1 3 2 5 996
1189 m 1079 1350 m 1 0 2 0 sh
1202 s h 1106 1450 s 1037m
1206 1138 1054
1239 1174 1074
1256 1188 1100
1272 1200 1119
1304 1215 1149
1342 1245 1157
1433 s h 1272 1176
1449 s h 1305 1202
1488 m 1323 1218m
F o r  a b b r e v i a t i o n s , s e e  F o o tn o te  t o  T a b le  1 0 .
N um bering  i n  T a b le s  13 and  16 p u t s  th e  m e th y l  o r  c h l o r o -
m e t t a l  e:: j_ _ on 1 i n  a l--
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TABLE 1 3 . (co n tin u ed )
1 - C h l o r  orne t h y l -  
n a p h  t h a ï e  n e -  
5 , 6 , 7 , 8 - t e t r a ­
c h l o r i d e ,
(L )
1 - M e t h y l -  
n a p h t h a l e n e  
h y d r o x y t r i ­
c h l o r i d e  , 
(XXXVIII)
l - M e t h y l - 4 -
c h l o r o -
n a p h t h a l e n e
a c e t o x y t r i -
c h l o r i d e
m i x t u r e ,
(XLIV)and(XLV)
581 603 599
602  s 619 m 605
6 40  m 673 s 625
6 88  v s 723 s 645
7 08  s 757 658
725 s 768 683 s
768  s 810 m 714 s
811 m 827 s 741
826 s 852 763
849 s 873 776
864 m 901 820 m
909 928 833 m
963 954 872
985 999 900 m
999 1034 922 m
1 028  s 1053 944
1 070 1083 m 976 s
1 078  s h 13203 1013 s
1099 1112 1042 s h
1149 1153 m 1127
1172 m 1164  m 1144
1178 1182 1172 m
1196 1190 1211  v s
1205 1220 1250
1232 1256 1314
1248  m 1269 1332
1258  m 1299 1346
1263 1332 s 1563
1 2 7 1 1456 1733 v s
1 294 1493
1318 3530  m
1353
1587
TABLE 1 4 . In fra red  sp e c tr a  (ranffe, 600-2000 cm~ ) o f
some adducts from 2 -m e th y lsu b s t itu te à
n a p h th a len es , in  N u jo l.
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2- M e t h y l ­
n a p h t h a l e n e  
t e t r a ­
c h l o r i d e  , 
( B I )
2 - M e th y l ­
n a p h t h a l e n e  
a c e t o x y -  
t r i c h l o r i d e ,  
( L I I )
2 - M e th y l ­
n a p h t h a l e n e  
h y d r o x y ­
t r i c h l o r i d e  , 
(LV I)
1 - C h l o r o -
2- m e t h y l ­
n a p h t h a l e n e  
t e t r a c h l o r i d e ,  
(BIX )
613 m 622 619 m 615 m
626
671  m 671 s
710  8 706 m 7 0 8  v s 7 2 0  s
726 s 712 m 731  s 752 8
741 7 8 5  m
775 m 779 m 775 m 795 m
789 m
800 8 0 0  m 82 4  m
813 m 817 m 815 8
871 870 880
885 m 8 8 9 9 0 5  m
900 9 0 1 8 9 9  m 9 2 2  m
9 2 0 954 8
962 m 966 m 9 5 2 964
979 963 1 0 3 0
1 0 2 7  s 1 0 1 7  m 1054
1052 1062
1073 1 0 9 0 1075 s 1 0 7 0  m
1127 1 1 3 0 1126 m 1131  m
1156 1 1 5 3 1164
1 1 9 8 1195
1206 1193 1196
1 2 3 2 1 2 3 2  s 1203
1 2 4 2 1215 1 2 2 5  m
1 2 7 3 1271 1 2 3 5
1 2 9 6 1286 1269
1271 1 3 0 0
1 3 3 4 1 3 2 8 1282
1 3 3 2
1493 1 3 3 9
1744  8 1488
F o r  a b b r e v i a t i o n s ,  s e e  F o o t n o t e  t o  T a b le  1 0 .
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TABLE 15. Infrared sp ectra  (range, 600-2000 cm" ) o f
adducts from other 1 - and 2~substil7ated
naphthalenes» in  N njol.
1 - C h lo r o -  
n a p h th a le n e  
1 , 2 , 3 , 4 - t e t r a -  
c h l o r i d e , 
(L X III )
5 ,8 - D i c h l o r o -
n a p h th a le n e
1 , 2 , 3 , 4 - t e t r a r
c h l o r i d e ,
(LXIV)
1-Brom o- 
n a p h th a le n e  
1 , 2 , 3 , 4 - t e t r a r -  
c h l o r i d e , 
(LXVI)
8 -B ro m o -5 -ch lo ro -  
n a p h th a le n e  
1 , 2 , 3 , 4 - t e t r a ­
c h l o r i d e  ,
( IX V II)
606 a. 592  m 606 m 577
628 668 626 592
673 s 700 s 665 s 616
709 sh 760 671 639
727 s 769 s h 709  s $57
751 m 803 725 m 700
776 821 m 746 m 741
786 835 772 751
815 s 867 801 760
836 886 811 769
854 917 s h 832 826 s
879 m 922 857 849
922 933 873 858
988 1022 913 862
1033 1159 s 986 921
1053 1176 1028 930 s h
1095 1203 1049 1018
1117 1222 108 9 1136 s h
1168 1253 1114 1147
1188 m 1312 1186 11 55  m
1 1 9 8  m 1342 1196 1161 m
1220 m 13 7 4 1218 1176
1252 1439 m 1252 1195
1269 1267 1205
1 3 0 0 1300 1224
1325 1 3 2 1 1314
1342 1 3 4 0 1339
1451 1451 1 4 4 0  8
i 486 i 486
Eor a h h rev ia tio n s, see Footnote to Table 10*
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TABLE 1 5 . (con tin u ed )
1 - E t h y l - 1 - P h e n y l -
n a p h t h a l e n e n a p h t h a ï e n e
t e t r a c h l o r i d e , t e t r a c h l o r i d e ,
(XLVI) (X LV II)
677 s 686 S
687 s h 694 m
703 s 746 s
755 s 761 m
788 m 792
819 829
849 838 m
893 851
942 890
965 930
999 m 959
1022 980
1043 1018
1096 m 1025
1142 1088
1188 1100
1215 m 1149
1230 1162
1258 1173
1266 1188
1300 1209 m
1344 1243
1345 m 1251
1486 1300
1331
1362
1428
1470
1570
m
s
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TABLE 16. P roton  magnetic resonance s p e c tra  ( solvent»deutero« 
chloroform except where otherv/ise s t a te d )  of some 
adducts de r i v e t  from 1-me thy Inaphthalehe and 
l~chlorom ethvlnaphthalene
l~Methyl~ 1-Chlorome th y l -  l-M ethy l-4 -  l-M ethyl-4~
naph tha lene-  naph tha lene-  chloronaphtha- ch loronaphtha-
1» 2 » 3 f 4"“t e t r a — 1 » 2 » 3 * 4—te  t r a — lene —5 * ^  * 7 » 8— lene —1 $2,3# 4—
c h lo r id e ,  c h lo r id e ,  te t r a c h lo r id e ,  t e t r a c h lo r id e ,
(XXXV) (XXXVI) (XXXIX) (XLII)
%-Values (ppm):
Aromatic i
A lic y c lic  2 
2H '
3H
4H
5H
6H
7H
8H
CH^Cl
OH
CH3
2 .1 3 - 2 .7 7
ca . (m)
5.11 (d)
4 .8 9  (q)
4.41 (d) 
7.76 ( s )
2 . 22- 2 .7 2
oa.(m) 
4.56 (d )
4 .9 7  (q.) 
4.51 (d )
5 .4 2  ( s )
2 .35(d;3H )
2.58(d;2H)
4.10 ( t )
1:?5
4 .3 0  ( t )  
7 .4 5  ( s )
1 .58 -2 .58
ca.(m)
4.74 (d) 
5.35 (d)
7.75 ( s )
Coupling co n s tan ts  (cps) ***
Jarom - “ • " '^ 2 , 3 ) -
12.0+0.4 11.6 11.52,3
^3,4 2.9 3.3 —
—
S , 6 — - 2.6 -
•^6.7 - - 44 -
S , 8 — - 2.6 -
A bbreviations and Foo tnotes , see page 146.
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TABLE 16. ( continued)
l-C h lo ro m e  thyl* 
n a p h t i i a l e n e -  
5 , 6 , 7 , 8 - t e t r a -  
o h l o r i d e ,
(L)
1 -M e th y l-  
n a p h th a le n e  
h y d r o x y t r i -  
c h l o r i d e , 
(XXX7III) 3E3E
1-Me th y  1 - 4 -  
c h lo ro H a p h th a -  
le n e  a c e to x y -  
t r i c h l o r i d e  
m ix tu re  ,{CLIV) and(XLV)
T - V a lu e s  (ppm) : 
A rom atic  :
A l i c y c l i c : 
2H 
3H 
4H 
5H 
6H 
7H 
8H
GH^Gl
OH
O.GO.GH^
CH3
2 . 2 1 - 2 .5 5
c a .  (m)
4 . 3 1  ( t )
4 .0 0  ( t )  
5 .1 0 a n d 5 .2 9 ( q f *
2 . 0 6 - 2 . 7 2 c a .  
Cl.9 4 - 2 . 65]  (m)
5 .1 0 [5 .1 2 ]  (d )  
5.10C4.85] (q)  
4.48114.16] (d )
2 .36  (d ;3H ) 
2 .5 9  (d ;2H )
7 .2 0 |> .3 3 j  ( s )  
8 .16  ( s )
3 . 6 0 ( d ) ; 3 . 4 9 ( d )
5 .1 1  or 4 . 8 3 / .  \
5 .1 1  o r  4 .83^  
4 .1 6 ( d ) ; 4 . 3 7 ( d )
7 . 7 0 ( s ) ; 7 î 4 5 ( s )  
7 .8 8  ( s )
C o u p l in g  c o n s t a n t s  ( c p s ) 3E3EÏ
arom
1 1 .6  +  0 . 4
> 44 .2
Abbreviations and F ootnotes, see page 146.
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TABLE 16 . (co n tin u ed )
A b b r e v i a t i o n s  : ( s )  = s i n g l e t ;
( d )  = d o u b l e t ;
( t )  = t r i p l e t ;
( q )  = q u a r t e t ;
(m) = m u l t i p l e t .
F o o t n o t e s :
*  N um bering  i n  T a b le  16 p u t s  th e  m e th y l  o r  c h l o r o =  
m e th y l  g ro u p  a s  p o s i t i o n  1 i n  a l l  c a s e s .
^ ^ ^ e s u i t s  i n  a c e t o n e  a s  s o l v e n t  a r e  g i v e n  i n  s q u a r e  
b r a c k e t s .
A c c u ra c y  + 0 .3  e x c e p t  w h ere  o t h e r w i s e  s t a t e d .
= + 1 2 .6  c p s ( +  0 .3  c p s )  gem — —
4-4- N ot o b s e r v a b l e  i n  t h e  s p e c t r a .
147
TABLE 17. Proton magnetic resonance spectra  of some
adducts derived from 2-su 'bstituted  naphtha­
le n e s , in  deuterochloroform .
2-M e th y la  
n a p h th a le n e  
t e t r a ­
c h l o r i d e ,  
(L I )
2 -M e th y l-
n a p h th a le n e
a c e to x y -
t r i c h l o r i d e ,
( I I I )
2-M ethy1 -
n a p h th a le n e
h y d ro x y -
t r i c h l o r i a e ,
(LVI)
1 -C h lo r o -
2-me th y  1 -  
n a p h th a le n e  
te tra c h lo r id e  
(LIX)
T - V a lu e s  (ppm) :
A rom atic  : 2 .1 5 - 2 .5 6  
c a .(m )
2 .5 2 c a .(m ) 2 .3 5 c a . (m ) c a . l . 7 6 ( m )
and2 .36(m )
A l i c y c l i c :
IH
3H
4H
4 .63  ( s )  
4 .8 3  ( a )
4 . 7 1  ( a )
4 .5 6  ( s )
4 .9 7  ( a )
3-63 ( a )
4 .4  ( s )
5 . 0  ( a )  
4 .9  ( a )
4 . 6 0  ( a )  
4 .2 6  ( a )
O.CO.CH^ - 7 .7 5  ( s ) — -
OH — - 7 .1  ( s ) —
CH3 8 .3 4  ( s ) 8 .26  ( s ) 8 .3  ( s ) 7 . 9 4  ( s )
C o u p lin g  c d i s t a n t e  ( c p s ) * f
- — - -
' 3 . 4 8 .4 + 0 .3 8 .6 + 0 .3
— 5 .8 + 0 .3
F o o t n o t e s ;
* B ecause o f  l a c k  o f  m a t e r i a l ,  t h i s  c o u p l in g  c o n s t a n t  
c o u ld  n o t  he s a t i s f a c t o r i l y  m e asu red .
^^A ccuracy  +^*3, e x c e p t  where o th e rw is e  s t a t e d .
A b b re v ia t io n s  : see  T ab le  1 6 ,page 146 .
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TABLE 18V Proton m agnetic resonance sp ec tr a  o f some adducts
from oth er 1 -  and 2 ~ su b stitu te d  n ap h th a len es, in
d eu teroch loro form .
1—E th y 1— 
n a p h t h a l e n e  
t e t r a c h l o r i d e ,  
(XLVI)
1 - P h e n y l -  
n a p h t h a l e n e  
t e t r a c h l o r i d e , 
(XLV II)
5 - C h l o r o -  
n a p h t h a l e n e  
t e t r a c h l o r i d e , 
(L X V III)
'U -V a lu e 8 (ppm) :
A ro m a tic  : 2 . 1 5 - 2 . 8 5  
c a .  (m)
2 . 1 —2*9 c a . ( m ) 2 .0 0 - 2 . 5 7  
c a .  (m)
A l i c y c l i c :
IH
2H
3H
4H
4 .6 2  (d )  
5 .3 1  (ci) 
4 .6 4  (d )
4 .6 9  ( d )
4 .2 1  (q )
4 .2 1  (d )
4 .3 4  ( d )
4 .8 7  (q )
4 .8 7  ( q )  
4 .1 7  ( d )
CHCl.CH, 
— 3 5 .0 7  ( q ) )
- -
CHCl.CH^ 8 .0 7  (d ) — —
C o u p l in g  c o n s t a n t s  ( c p s )  :
J arom — — -
'^1 ,2 -
- 3 . 1
'^2 ,3
1 1 .0 ? 9 .3
" 3 , 4 3 . 0
2 .8 2 .9
A b b r e v i a t i o n s  and  P o o t n o t e s ,  s e e  T a b le  1 6 , p age  1 4 6 .
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TABLE 18. (continued)
1-Chloro- 
naphthaïene
1,2,3,4-tetra- 
chloride 
(LXIII)
5,B-Lichloro- 
naphthalene
1,2,3,4-tetra- 
chloride, 
(LXIV)
1-Bromo- 8-Bromo-5- chloix)
naphthalene naphthalene
1,2,3,4-tetra- 1,2,3,4-tetra- 
chloride, chloride,
(LXVI) (LX7II)
^-Values (ppm) 
Aromatic ;
Alicyclic: 
IH 
2H 
4H 
4H
ca. 1.70 and 
2.35 (m)
4.65 (d)  
5.09 (q)
4.37 (d)
ca. 2.34 (s)
4.16 ( t )
4.76 ( t )
4.76 ( t )
4.16 ( t )
ca. 1.79 and 
2.47 (m)
4.56 (d)  
5.25 (q)  
4.47 (d)
2.45 (d) and 
2.13 (d)
3.92 (m)
4.64 (t)
4.64 ( t )
3.92 (m)
Coupling constants (cps) :
arom
2 . 6 +0 . 42 .7+0.4
11.4 4-4-4-4-12.0
2 . 6 +0 • 42.7+0.4
Abbreviations and Footnotes : see Table 16, page 146.
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TABLE 19 . Proton m agnetic resonance sp ec tr a  o f  1 -m eth y l-
naphthalene and some o f i t s  d e r iv a t iv e s ,  In
d eu tero ch lo ro fo rm .x :-v a lu es  (ppm).
Compound A ro m a tic •CH^- -CH.
1-Me t h y l n a p h t h a l e n e :
1 -C h lo ro m e  t h y l ­
n a p h t h a l e n e  :
l - C h l o r o - 2 - c h l o r o -  
m e t h y l n a p h t h a l e n e :
1 - C h l o ro -4 -m e  ttoy 1 -  
n a p h t h a l e n e :
2 , 3 - B i c h l o r o - l -  
( m e th o x y m e th y l ) -  
n a p h t h a l e n e , ( XXXVII)
1 —Me t h y l —2 j 3 > 4—t r i — 
c h l o r o n a p h t h a l e n e , 
( X L I I I )
l - M e t h y l - 4 , X j y - t r i -  
c h l o r o n a p h t h a l e n e s
c a .  1 - 3 3 - 2 .3 2  (m) 
7 .4 4  ( s )
c a .  1 . 6 0 - 2 . 6 0  (m)
c a .  1 .5 4  (m) and 
c a .  2 .2 5  (m)
2 .8 2  ( s ;2 H ) ;
2 .9 5  ( s ; 3 H ) ;  
c a .  1 4 5 - 2 .7 0  (m) 
Jg  2 -  8 .0  c p s
1 .6 7  ( s ; 4 H ) ;  
c a .  1 .8 7 - 2 .3 6  
(m)
c a .  1 . 4 2 - 2 . 9 3  (m)
2 .6 8 ( d ;2 H ) ;
2 .4 1 ( d ;3 H ) ;
2 .3 0 (d ;7 H  and
8H);
1 .6 3 (d ;5 H  and
6H)
'^2,3 = 7 .5  cp s
J
5 ,7 — n —6 , 8
c a . 2Î .0  c p s
5 .0 1  ( s )
5 .0 3  ( s )
4 .7 6  ( s )
7 .4 4  ( s )
7 .5 5  ( s )
6 .4 7  ( s )
7 .1 9  ( s )
6 .9 9  ( s )  
and 
7 .3 9  ( s )
A h h r e v i a t i o n s  and  P o o t n o t e s  : s e e  T a h le  1 6 ,  page  1 4 6 .
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TABLE 20. Proton magnetic resonance spectra os some adducts
12
from naphthalene ,in deuterochloroform.
Compound o(-Tetra ^-Tetra- S'-Tetra e-Tetra Acetoxy- Hydroxy- 
chloride chloride chloride chloride trichlor- trichlor­
ide ide
M.p. 182 0 134 96 0 85-87 124-5° 113-4^
Spectrjtm ApZp A X ABCD A„X ABCD ABCD
type
C. 4L c. c.
(unsymm) (unsymm)
“C-Val-ues (ppm)
Aromatic : 2.48(a) 2.26(8 ) 2.2-2.7 2.4 unsymm. unsymm.
(unsynim) (A^X^)
Alicyclic;
4-OH — — - — — 6.07(s)
4-OAc - - - - 7.75(8) —
1-H 4.28 4.48 4.56 4.53 4.48 4.16
2-H 4.93 5.42 5.53 4.96 5.47 5.33
3-H 4.93 5.42 5.08 4.96 4.60 5.03
4-H 4.28 4.48 4.60 4.53 3.56 4.94
Coupling
constants(cps)
3.5+0.4 8.0+0.4 3.2+0.4 5.8+0.4 2.9+0.4 3.0+0.4o1,2
Jo -> 11.0+0.^.0+0.6 10.9+0.4 3.5+0.4 11.0+0.6 10.6+0.62,3
3.5+0.4 8.0+0.4 7.6+0.4 5.8+0.4 7.0+0.4 8.3+0.4
Chlorine a * ae e *positions a* eea* 3E e*eee * a ‘ eee * f  9 A 9 a ’ee a'ee
(solution)
^  e aa
* Acetone as solvent.
3E3E,Tetrahydrofuran or dioxane as solvent
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SECTION I I I  -  D I S C U S S I O N
C o n c o m ita n t  p r o c e s s e s  o f  a d d i t i o n  and  s u b s t i t u t i o n  
a r e  known t o  o c c u r  i n  t h e  h a l o g é n a t i o n  o f  some a r o m a t i c  
h y d r o c a r b o n s .  F o r  e x a m p le ,  c h l o r i n a t i o n  o f  n a p h t h a l e n e  
i n  a c e t i c  a c i d  i n  t h e  d a r k  p r o c e e d s  th r o u g h  a n  e I e c t r o =  
p h i l i c  m ech an ism  t o c g i v e  p r o d u c t s  o f  s u b s t i t u t i o n ,  ac=  
c o m p an ied  by  t e t r a c h l o r i d e s  and  a c e t o x y t r i c h l o r i d e s  -  
a l l  o f  them  r e p r e s e n t i n g  a l t e r n a t i v e  f a t e s  o f  a  common 
c a rb o n iu m  i o n i c  i n t e r m e d i a t e ^ .
F o l lo w in g  t h e s e  i n v e s t i g a t i o n s ,  t h e  r e a c t i o n  b e tw e e n  
m o l e c u l a r  c h l o r i n e  and  some s im p le  n a p h t h a l e n e  d e r i v a =  
t i v e s  h a s  b e e n  s t u d i e d ,  u n d e r  a  w id e  r a n g e  o f  ex p e r im en =  
t a l  c o n d i t i o n s  ; v a r i o u s  com pounds h av e  b e e n  o b t a i n e d ,  
and  some p r o g r e s s e s  i n  i n v e s t i g a t i n g  t h e i r  s t r u c t u r e s  
a s  w e l l  a s  t h e i r  p o s s i b l e  modes o f  f o r m a t i o n  h av e  now 
b e e n  m a d e .
Some o f  t h e  p r o d u c t s  a r e  g e n e r a l l y  t h o s e  o f  s u b s t i =  
t u t i o n ;  t h e s e  h av e  n o t  b e e n  i n v e s t i g a t e d  i n  g r e a t  d e t a i l ,  
b u t  t h e y  a p p e a r  t o  be th e  u s u a l  p r o d u c t s  o f  e l e c t r o p h i l i c  
c h l o r i n a t i o n .  A ccom panying  them  a r e  p r o d u c t s  o f  a d d i t i o n ,  
and  i t  i s  s i g n i f i c a n t  t h a t  t h e s e  a d d u c t s  a r e  fo rm ed  o v e r  
t h e  w h o le  r e a c t i v i t y - r a n g e , and t h a t  t h e i r  g e n e r a l  n a t u r e  
i s  u s u a l l y  n o t  g r e a t l y  a f f e c t e d  by  change  o f  th e  s o l v e n t ;  
t e m p e r a t u r e  seem s t o  be o f t e n  a  v e r y  c r i t i c a l  f a c t o r  i n
^ P .B .D .  de l a  M are , M .D .Jo h n so n , J .S .L o m a s ,  and  V .S a n c h e z  
d e l  O lm o , J  .Chem .Soc . (B ) ,  19j56, 8 2 7 .
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a f f e c t i n g  th e  s t a b i l i t y  o f  some o f  t h e  fo rm e d  p r o d u c t s .
The e f f e c t s  o f  t h e  n a t u r e  and  p o s i t i o n  o f  t h e  sub=
8 t i t u e n t  g ro u p s  on th e  n a p h t h a l e n e  n u c l e u s  hav e  n o t  b e e n  
ex a m in e d  q u a n t i t a t i v e l y ,  b u t  i t  h a s  b e e n  o b s e rv e d  t h a t  
a c t i v a t i n g  s u b s t i t u e n t s  f a c i l i t a t e  th e  r e a c t i o n  m a rk e d ly  
and  make th e  c h l o r i n e  e n t e r  i n t o  t h e  s u b s t i t u t e d  r i n g ;  
w h e r e a s  d e a c t i v a t i n g  s u b s t i t u e n t s  r e t a r d  t h e  r e a c t i o n  
and  d i r e c t  th e  h a l o g e n  i n t i  t h e  l e s s  s u b s t i t u t e d ,  o r  
u n s u b s t i t u t e d  r i n g .  T h u s , a d d i t i o n  o f  c h l o r i n e  a lw a y s  
o c c u r s  on t h e  r i n g  t o  w h ic h  th e  s u b s t i t u t i o n  c o u ld  h av e  
t a k e n  p l a c e ,  i n  a c c o r d a n c e  w i t h  t h e  r u l e s  g o v e r n in g  th e  
e l e c t r o p h i l i c  s u b s t i t u t i o n .
1 5 .  SUBSTITUTION PRODUCTS.
S in c e  a  m e th y l  g ro u p  on th e  n u c l e u s  w i l l  a c t i v a t e  
i t  t o  a  c o n s i d e r a b l e  e x t e n t ,  t h e  two m e th y ln a p h th a l e n e  
i s o m e r s  s h o u ld  u n d e rg o  c h l o r i n a t i o n  w i t h  g r e a t e r  e a s e  
t h a n  th e  p a r e n t  com pound.
I n  f a c t ,  1 - m e t h y l n a p h t h a l e n e  i s  e s p e c i a l l y  r e a c t i v e  
to v /a rd s  e l e c t r o p h i l i c  c h l o r i n e  and  i s  r e a d i l y  c h l o r i n a =  
t e d  a t  room  t e m p e r a t u r e .  I t s  r e a c t i o n  , i n  a c e t i c  a c i d ,  
w i t h  c h l o r i n e  i n  e q u i v a l e n t  p r o p o r t i o n ,  g i v e s  a  co m p li=  
c a t e d  m i x t u r e ,  o f  w h ic h  1 - c h l o r o - 4 - m e t h y l n a p h t h a l e n e  c a n  
be shown by  v a p o u r - p h a s e  c h ro m a to g ra p h y  t o  be  a  m a jo r  
c o m p o n en t;  i t  i s  a c c o m p a n ie d  by a t  l e a s t  one o f  i t s  i s o =  
m e rs  i n  m in o r  am o u n t, a s  i s  t o  be e x p e c t e d  i n  v ie w  o f
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2 3r e c e n t work on n i t r a t io n  ’ , in  which m ainly the 4 -n i t r o -
d e r iv a t iv e  i s  produced, w ith  l e s s e r  amounts o f the 5 -n i=
tro-compound and o f o th er  isom ers.
The p o s i t i o n  o f  c h l o r i n e  a tom  i n  th e  m o n o c h lo ro -  
s u b s t i t u t e d  1 - p h e n y l n a p h t h a l e n e  (Z L IX ), h a s  n o t  b e e n  
d e f i n i t e l y  a s c e r t a i n e d  by  an  a l t e r n a t i v e  r o u t e ;  h o w e v e r ,  
t h e  o r i e n t i n g  e f f e c t  o f  th e  p h e n y l  g ro u p  and  a n a lo g y  
w i t h  th e  c o r r e s p o n d i n g  m o n o h a lo g e n a te d  p r o d u c t  f ro m
1 - m e t h y l n a p h t h a l e n e  make i t  r e a s o n a b l e  t o  assum e f o r  
t j i s  d e r i v a t i v e  t h e  s t r u c t u r e  o f  a  l - c h l o r o - 4 - p h e n y l -  
n a p h t h a l e n e . B r o m in a t io n  o f  1 - p h e n y l n a p h t h a l e n e ,  u n d e r  
s i m i l a r  c o n d i t i o n s ,  a f f o r d e d  o n ly  a  1 -b ro m o - 4 -p h e n y 1 -
4
n a p h t h a l e n e ,  m .p .  70^ .
As f a r  a s  t h e  p r o d u c t s  o f  h e t e r o l y t i c  s u b s t i t u t i o n  
a r e  c o n c e r n e d ,  t h e  g e n e r a l  e x p e r i e n c e  g a in e d  w i t h  
c h l o r i n a t i o n  o f  1 - m e th y l n a p h t h a l e n e  and  1 -p h e n y 1n a p h th a =
l e n e  i s  i n  f u l l  a g r e e m e n t  w i t h  t h e  r e p o r t s  o f  e a r l i e r
5 6 7 w o r k e r s  ’ ’ .
G .E .A lc o r n  and  P . R . W e l l s . A u s t r a l . J . C h e m . ,1 9 6 5 ,1 8 ,1 3 7 7 .  
■^H.W.Thompson, J  .C hem .80c . .  1 9 3 2 ,2 3 1 0 .
^ R .W eiss  and  K .W o id ich ,f i lh .C h em ., 1 9 2 5 ,4 6 ,4 5 3  .
^ O . S c h e r l e r ,  B e r . . 1 8 9 1 , 2 4 , 3 9 2 1 .
^ I . G . P a r b e n i n d u s t r i e , D R P . 4 9 5 3 3 1 / 1 9 2 5  ( t h r o u g h  B e i l s t e i n ,
E I I  2 , p p . 461 and  463 #
'^W.Wislicenus and H.W ren,Ber. ,  1905, 3 9 ,5 0 2 .
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S i m i l a r l y ,  e l e c t r o p h i l i c  s u b s t i t u t i o n  i n  2 - m e t h y l ­
n a p h t h a l e n e  o c c u r s  m a in ly  i n  th e  1 - p o s i t i o n ,  s i n c e  t h i s  
i s  th e  m a in  p o s i t i o n  o f  s u b s t i t u t i o n  i n  n a p h t h a l e n e  i t =  
s e l f ,  and  i t  i s  e f f e c t i v e l y  a c t i v a t e d  by th e  m e th y l  g  
g ro u p  a s  w e l l  a s  by  th e  a n n e l a t e d  r i n g .
A c c o r d in g l y ,  n i t r a t i o n  g i v e s  m a in ly  th e  l - n i t r o - d e r i v a =
t i v e ,  th o u g h  s i g n i f i c a n t  p r o p o r t i o n s  o f  o t h e r  i s o m e r s
2
a r e  a l s o  p ro d u c e d  . C h l o r i n a t i o n  s i m i l a r l y  i s  r e p o r t e d
t o  g iv e  l - c h l o r o - 2 - m e t h y l n a p h t h a l e n e ,  w h e th e r  c h l o r i n e
5 6i n  s u n l i g h t  o r  s u l p h u r y 1 c h l o r i d e  i s  u s e d .  L ik e w is e ,
t r e a t m e n t  o f  2- m e t h y l n a p h t h a l e n e  w i t h  m o l e c u l a r  c h l o r i n e
a t  room  t e m p e r a t u r e  g i v e s  h e r e  a  m ix t u r e  o f  p r o d u c t s ;
among them  l - c h l o r o - 2 - m e t h y l n a p h t h a l e n e  w as p r e d o m in a n t
(7 5 /o ) .
T h a t  th e  c h l o r i n a t i o n  o f  1 - a m in o - 2 - m e th y l n a p h th a l e n e  
and  o f  1 - c h l o r 0 - 3 - m e t h y l n a p h t h a l e n e  o c c u r  to o  i n  th e  
4 - p o s i t i o n  ( s e e  p a r a g r a p h  1 0 . 5 . A ' ) a c c o r d s  w i t h  w h a t  
w o u ld  be e x p e c t e d  i n  t e rm s  o f  t h e  o r i e n t i n g  p o w ers  o f  
t h e  s u b s t i t u e n t s ©  and  t h e i r  p o s i t i o n  on th e  n a p h t h a l e n e  
n u c l e u s :  t h e  a l t e r n a t i v e  s y n t h e s i s  o f  th e  1 , 4 - d i c h l o r o -
2- m e t h y l n a p h t h a l e n e  (LIV ) i s  t h u s  v e r i f i e d ,  by  t h i s  
r o u t e  a l s o .
3 -M eth y 1 - 1 - n a p h t h y 1 a c e t a t e  (LXXl) s h o u ld  f o r  s i =  
m i l a r  r e a s o n s  u n d e rg o  c h l o r i n a t i o n  i n  th e  4 - p o s i t i o n ,  
w h ic h  i s  a c t i v a t e d  by  th e  m e th y l  g r o u p , t h e  a n n e l a t e d  
r i n g ,  and  th e  a c e t o x y  g r o u p .  The d e r i v e d  c h l o r o - 2 - m e t h y l -
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n aph th ol, th e r e fo r e , we regard as e s ta b lis h e d  to  be
l-c h lo r o -2 -m e th y ln a p h th -4 -o l (L V IIl), (see  paragraph
10.5.A»»).
(LXXI)
OAc
Q u a l i t a t i v e  o b s e r v a t i o n s  o f  th e  h a l o g é n a t i o n  r e a c =  
t i o n s  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  p a r t  l e a d  c o n s i s t e n =  
t l y  t o  t h e  c o n c l u s i o n  t h a t  w h i l e  th e  m e th y l ,  e t h y l ,  and  
p h e n y l  g ro u p s  i n c r e a s e  t h e  r a t e  o f  r e a c t i o n ,  t h e  c h l o r i n e  
s u b s t i t u e n t ,  w h e th e r  i n  th e  n u c l e u s  o r  i n  th e  s i d e - c h a i n ,  
m a rk e d ly  r e d u c e s  i t .  H ow ever, t h e  s t r u c t u r e s  o f  m o s t o f  
t h e  s u b s t i t u t i o n  p r o d u c t s  f ro m  n a p h t h a l e n e  c h l o r o d e r i v a =  
t i v e s  h av e  b e e n  a l r e a d y  d e s c r i b e d ;  c o n s e q u e n t l y ,  no a t =  
te m p t  v\Tas made t o  i n v e s t i g a t e  th e m .
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1 6 .  STRUCTURE AND CONFORMATION OF ADDITION
PRODUCTS.
The a d d i t i o n  p r o d i c t s  o b t a i n e d  f ro m  c h l o r i n a t i o n  
o f  n a p h t h a l e n e  and  i t s  d e r i v a t i v e s  have  a l l  t h e  s t e r i c  
s t r u c t u r e  o f  s u b s t i t u t e d  t e t r a l i n s .  As a  r e s u l t  o f  t h e  
a r o m a t i c  m o ie ty  i n  t h e  t e t r a l i n  s y s t e m ,  t h e  1 -  and  4 -  
c a r b o n  a to m s  l i e  i n  t h e  same p l a n e  a^ s  t h e  a r o m a t i c  
r i n g .  I n  t h i s  way a  h a l f - c h a i r  c o n f o r m a t i o n  o f  th e  p a r=  
t i a l l y  h y d r o g e n a t e d  r i n g  i s  p r o d u c e d  w h ic h  i s  o n ly  
s l i g h t l y  f a v o u r e d  e n e r g e t i c a l l y  o v e r  t h e  h a l f - b o a t  fo rm , 
and  c a n  be r e l a t e d  t o  a  c y c lo h e x e n e  r i n g .
I n  g e n e r a l ,  t h e  c o n f o r m a t i o n a l  a s p e c t s  o f  t e t r a l i n  
and  c y c lo h e x e n e  c h e m i s t r y  h av e  n o t  b e e n  e x p l o r e d  so  
e x p e n s i v e l y  a s  one m ig h t  h o p e .
g
D r e h f a l l  c o u ld  show th r o u g h  h i s  i n v e s t i g a t i o n s
o f  t h e  a c y l  m i g r a t i o n  o f  c o r r e s p o n d i n g  d e r i v a t i v e s  o f
t h e  i s o m e r i c  1 - a m in o - 2 - h y d r o x y t e t r a l i n s ,  t h a t ,  d i f f e r i n g
9
f ro m  th e  2 , 3 - d i s u b s t i t u t e d  com pounds , a  d e v i a t i o n  i n  
t h e  r e a c t i o n  b e h a v i o u r  w as d e t e c t e d .  From t h i s  c h e m ic a l  
p o i n t  o f  v ie w  i t  was c o n c lu d e d  t h a t  h e r e  a r e  c h a n g e s  i n  
l o c a t i o n  o f  t h e  s u b s t i t u e n t s  a t  p o s i t i o n s  1 and  4 , a s  
com pared  t o  t h e  same on th e  c y c lo h e x a n e .  The s u b s t i t u e n t s  
a t  p o s i t i o n  2 an d  3 h av e  a  l o c a t i o n  s i m i l a r  t o  t h o s e  on 
c y c l o h e x a n e .  A n o th e r  p r o b e  i n t o  c y c lo h e x e n e  g e o m e try
D r e h f a l l  and  c o l l . . B e r . , 1 9 5 8 , 9 1 , 2 6 6 ; i b i à . , I 9 6 0 , 9 3 , 2 4 9 7 .  
^ J . K i s s  and  J . F o d o r , A c t a  C h i m .A c a d .8 c i .H u n g . , 1 9 5 5 , ^ , 3 6 5 .
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comes f ro m  s t u d i e s  o f  i n t r a m o l e c u l a r  h y d ro g e n  b o n d in g  
by i n f r a r e d  s p e c t r o s c o p y  and  by e x a m in a t io n  o f  g l y c o l  
c l e a v a g e  o f  s u i t a b l e  d i o l s ^ ^ .  T hese  d a t a  l e n d  m i ld  sup=  
p o r t  t o  a  p i c t u r e  f o r  c y c lo h e x e n e  and  t e t r a l i n  i n  w h ic h  
th e  e \ a  ( o r  a \ e  ) b o n d s  a r e  som ew hat c l o s e r  t o g e t h e r  
t h a n  o r d i n a r y  e , a  b o n d s , - o r  c a n  a p p r o a c h  e a c h  o t h e r  
m ore r e a d i l y ;  t h e y  a l s o  s u g g e s t  t h a t  e , a  b o n d s  i n  th e  
4 , 5 - p o s i t i o n s  o f  t h e  c y c lo h e x e n e  o r  th e  2 , 3 - p o s i t i o n s  
o f  t e t r a l i n  c a n n o t  a p p r o a c h  e a c h  o t h e r  a s  r e a d i l y  a s  
o r d i n a r y  e , a  b o n d s ,  im p l y in g  e n h a n c e d  r i g i d i t y  o f  th e  
b u c k l e d  p a r t  o f  th e  h a l f - c h a i r .
I t  i s  a l s o  t i u e  t h a t  a  p s e u d o - a x i a l  h y d ro g e n  i n
c y c lo h e x e n e  i s  b e t t e r  d i s p o s e d  f o r  4 Y - o r b i t a l  o v e r l a p
t h a n  a  p s e u d o - e q u a t o r i a l  o n e ,  s i n c e  th e  p la n e  o f  th e
d o u b le  bond  d o e s  n o t  b i s e c t  t h e  a * - e  * d i h e d r a l  a n g le
b u t  i s  more n e a r l y  ( t h o u g h  n o t  q u i t e )  p e r p e n d i c u l a r  t o
t h e  b o n d .  A v a l u e  o f  c a .  6?^  r e s u l t e d  f o r  t h e  a n g le
t o  t h e  bond and  t h u s  t h e  co m p le m e n ta ry  v a l u e  o f  53 ^
11f o r  t h e  a n g l e  t o  th e  e_  ^ bond . On a  D r e i d i n g  m o d e l -  
v /h ich  may n o t  be c o m p l e t e l y  r e p r e s e n t a t i v e ,  i n  v ie w  o f  
t h e  s l i g h t  d i s t o r t i o n  o f  t h ^ o l e c u l e  -  t h e  a n g l e s  a r e  
c l o s e r  t o  7 5 °  and  45°  .
R . C r i e g e e , L . K r a f t ,  and  H .B a n k ,A n n . ,1 9 3 3 ,5 0 7 ,1 5 9 ; M/E.
A l i  and  L .N .O w e n .J .C h e m .S o c . , 1 9 5 8 ,1 0 6 6 ; L . P . K u h n , J .Am er. 
Chem.S o c . , 1 9 5 2 , 7 4 , 2 4 9 2 .
^ ^ E . J .C o r e y  and  R . H . S n e e n , J . Amer.C h e m .S o c . , 1 9 5 5 ,7 7 ,2 5 0 5 ;  
i b i d . , 1 9 5 6 ,7 8 ,6 2 6 9 .
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The few  d a t a  a v a i l a b l e  i n  t h e  l i t e r a t u r e  p e r m i t  
no s u r e  c o n c l u s i o n s  a b o u t  th e  d i f f e r e n c e s  i n  s t a b i l i t y  
o f  s u b s t i t u e n t s  i n  t h e  e q u a t o r i a l  o r  q u a s i - e q u a t o r i a l
p o s i t i o n  and  a x i a l  o r  q u a s i - a x i a l  p o s i t i o n  on  th e  c y c lo =
12 13 h e x e n e  r i n g  . I t  w as c o n c lu d e d  r e c e n t l y  f ro m  i . r .
and  Raman s p e c t r a  t h a t  i n  th e  l i q u i d  s t a t e  a  h a l o g e n  
i ^ o r e  s t a b l e  i n  th e  a x i a l  3 -  and  4 - p o s i t i o n  t h a n  i n  
th e  e q u a t o r i a l  p o s i t i o n .  Though i n v e s t i g a t i o n s  a r e  
a v a i l a b l e  sh o w in g  t h a t  t r a n s - 1 , 2 - d i s u b s t i t u t e d  c y c l o ­
h e x e n e  s  a r e  more s t a b l e  t h a n  th e  c o r r e s p o n d i n g  c i s -com= 
p o u n d s^ ^  and  t h u s  c o r r e s p o n d  t o  t h e  s i t u a t i o n  w i t h  
c y c l o h e x a n e s ,  t h e  exam ple  o f  a  3 , 5 - d i s u b s t i t u t e d  c y c l o ­
h e x e n e  w i t h  th e  t r a n s  i s o m e r  more s t a b l e  t h a n  th e  c i s  
i s o m e r  no l o n g k e r  c o r r e s p o n d s  to  th e  c y c lo h e x a n e  a n a l o g  
( R e f .  1 5 , 1 6 , 1 7 ) .
l 8O r l o f f * s  r e v ie w  on s t e r e o i s o m e r i s m  o f  c y c l o -
12H .L .G o e r i n g ,R .L .R e e v e s ,a n d  H .H .E sp y , J . A m er.Ch.ein.Soc . ,  
1 9 5 6 ,7 8 ,4 9 2 6 .  
^ ^ E .W .G a rb is h ,  J r . ,  J .O rg .G h e m . , 1 9 6 2 , ^ , 4 2 4 9 .  
^ ^ G .S to r k  an d  W .N .W h ite . J .A m er.C h e m .S o c . , 1 9 5 6 .7 8 ,4 6 0 4 ;  
R .B u o o u r t  and  D .H a in a u t .C o m n t .R e n d .A c a d . S o i . , 1 9 6 4 , 2 5 8 , 
3 3 0 5 . 
^ ^ R .E .K e l l y ,C a n . J .C h e m . ,1 9 5 8 ,2 3 ,2 0 4 1 .
H .L .Goering,J .P .Blanchard,and E . E . S i l v e rsmith, J . Arner . 
Chem.Soc.,1954,76,5409;ihid.,1957,79,348.
. H. H erb s  t e  i n ,  J  .Chem. Soc . . 1 9 5 9 ,2 2 9 2 .  
^ ^ H .D .O r lo f f ,C h e m .R e v . ,1 9 5 4 ,5 4 > 3 4 7 .
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h e x a n e ,  a l s o  i n c l u d e s  a n  e x t e n s i v e  a c c o u n t  o f  p o l y s u b =  
s t i t u t e d  c y c l o h e x e n e  d e r i v a t i v e s .  Among them t h e  s t e r i c  
s t r u c t u r e s  o f  t h e  f i v e  known i s o m e r s  o f  b e n z e n e  t e t r a ­
c h l o r i d e  a r e  r e p o r t e d  t o  h av e  b e e n  e s t a b l i s h e d ^ ^ .  B e t t e r  
c h a r a c t e r i z e d  a r e  some n a p h t h a l e n e  t e t r a c h l o r i d e s  ( s e e  
a l s o  p a r a g r a p h  6 . 3 ,  i n  S e c t i o n  I ) .  The s i x  p o s s i b l e  
g e o m e t r i c  i s o m e r s  a r e  s y m b o l i z e d  a s  f o l l o w s :
a l p h a  (LV) gamma (LVi)  d e l t a  ( L V I l )
e p s i l o n  ( L V I I I )  b e t a  (BIX) ? (LX)
U n t i l  r e c e n t l y  t h e  s t e r e o c h e m i s t r y  o f  o n l y  one o f  them ,
t h e  é l p h a - i s o m e r  (LV), h ad  b e e n  d e f i n i t e l y  a s s i g n e d  by
20X - r a y s  d i f f r a c t i o n  a n a l y s i s  ; w h i l e  n o t h i n g  i s  known
a b o u t  t h e  s t r u c t u r e  o f  t h e  be t a - t e  t r a c h l o r i d e , S c h ü tz  
21and  H a h n f e l d  had  g i v e n  two p o s s i b l e  s t r u c t u r e s  f o r  
t h e  gamma- a n d  d e l t a - i s o m e r s ,  a s  d e d u c e d  f ro m  t h e  r a t e s
. O r l o f f , a n d  c o l l . ,  J  .Am er  .C h e m .S o c  . ,  1 9 5 3 ,7 5 ,4 2 4 3  . 
^ . A . B a s h e  e n , Ac t a  C r y s t . , 1 9 5 2 , _5,593 .
S c h ü t z  and  H . H a h n f e l d , B e r . , 1 9 5 2 , 8 5 , 1 3 1 .
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o f  a l k a l i n e  d e h y d r o c h l o r i n a t i o n :  b u t ,  w i t h o u t  d e t a i l e d
and  r e l i a b l e  a n a l y s e s  o f  t h e  r e a c t i o n  p r o d u c t s ,  f u r t h e r
assignepaaents  h ad  n o t  b e e n  p o s s i b l e .  P r o t o n  m a g n e t i c  r e  =
s o n a n c e  s p e c t r o s c o p y  and  k i n e t i c  d a t a ,  h o w e v e r ,  have
b e e n  u s e d  q u i r e  r e c e n t l y  t o  d e t e r m i n e  f u l l y  t h e  c o n f i =
g u r a t i o n s  and  c o n f o r m a t i o n s  o f  t h e s e  two t e t r a c h l o r i d e s ,
a s  w e l l  a s  t h o s e  o f  a  f o u r t h ,  t h e  e p s i l o n - i s o m e r .  and  o f
22 23a  n a p h t h a l e n e  a c e t o x y t r i c h l o r i d e  ’
T hese  r e s e a r c h e s  s t i l l  l e a v e  op en  some r e l e v a n t  
q u e s t i o n s  f o r  f u r t h e r  s t u d y ;  i t  s e e m e d , t h e r e f o r e , u s e f u l  
t o  exam ine  t h e  p r o d u c t s  o f  c h l o r i n e  a d d i t i o n  on  s u b s t i =  
t u t e d  n a p h t h a l e n e  d e r i v a t i v e s ,  t o g e t h e r  w i t h  t h e i r  f a t e s  
and  p r o d u c t s  o f  a l k a l i n e  d e h y d r o c h l o r i n a t i o n .
I n  t h i s  i n v e s t i g a t i o n ,  t h e  s t r u c t u r e  and  p o s s i b l e  con= 
f o r m a t i o n s  o f  t h e  a d d i t i o n  compounds h av e  b e e n  e s t a b l i =  
s h e d  by c h e m i c a l  m e th o d s  ( e . g . , a l k a l i n e  h y d r o l y s i s )  a s  
w e l l  a s  by  a n a l y s i s  o f  p h y s i c o - c h e m i c a l  d a t a ,  nam ely  
t h e i r  p . m . r .  s p e c t r a l  p a r a m e t e r s .
T h e re  a r e  b a s i c a l l y  two m e th o d s  w h ic h  h ave  b e e n  
u s e d  f o r  p t m . r . s p e c t r a l  a n a l y s i s ;  one makes u s e  o f  
c h e m i c a l  s h i f t s ,  t h e  s e c o n d  u s e s  c o u p l i n g  c o n s t a n t s .  
A s s ig n m e n t  o f  nzr-values  t o  t h e  a l i c y c l i c  p r o t o n s  f o r
^ ^ P .B .D .  de l a  M a r e , M . D . J o h n s o n , J . S  .Lomas, and  V .S a n c h e z  
d e l  Olmo, J  .Chem.Soc . ( B ) ,  1 9 6 6 , 8 2 7 .
^ ^ P .B .B .  de l a  M a re , R . K o e n i g s b e r g e r , and  J . S .Lom as ,  J  .Chem 
S o c .  ( B ) ,  1 9 6 6 , 8 3 4 .
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t h i s  and  f o r  t h e  o t h e r  p o l y c h l o r i d e s  h a s  b e e n  made ac=
c o r d i n g  t o  t h e  p o s i t i o n s  and  m u l t i p l i c i t i e s  o f  t h e
s i g n a l s  i n  t h e  p . m . r .  s p e c t r a  ( T a b l e s  16 t o  1 9 )  and  by
c o m p a r i s o n ,  w here  a p p r o p r i a t e ,  w i t h  o t h e r  a d d u c t s  o f
known c o n f o r m a t i o n  ( s e e  T a b le  2 0 ) .  The o t h e r  m e thod  o f
u t i l i z i n g  p . m . r .  s p e c t r a  i n  s t r u c t u r a l  a n a l y s i s  i s  ba=
s e d  on  t h e  m a g n i tu d e  o f  t h e  c o u p l i n g  c o n s t a n t s ,  v^hich
v a r y  w i t h  t h e  d i h e d r a l  a n g l e  b e t w e e n  t h e  c o u p l e d  p r o t o n s ,
a l t h o u g h  many a d d i t i o n a l  v a r i a b l e s  a r e  a l s o  i m p o r t a n t
i n  d e t e r m i n i n g  t h e i r  v a l u e .  By m eans o f  v a l e n c e - b o n d
24c a l c u l a t i o n s ,  K a r p l u s  showed t h a t  a s  t h e  d i h e d r a l
a n g l e  ( 0 ) b e t w e e n  two p r o t o n s  on a d j a c e n t  c a r b o n s  in =
c r e a s e s  f r o m  0^ t o  90^ t o  1 8 0 ° ,  t h e  c o u p l i n g  c o n s t a n t
J  s h o u l d  go f ro m  a  medium v a l u e  t o  n e a r  z e r o  t o  a  HH
l a r g e  v a l u e ,  a c c o r d i n g  t o  t h e  r e l a t i o n :
= a  c o s
T h i s  r e l a t i o n s h i p  i s  now g e n e r a l l y  a d o p t e d ,  i n  a  s u b s e =
25q u e n t  s l i g h t l y  m o d i f i e d  fo rm  . The c o u p l i n g  c o n s t a n t ,  
t h e r e f o r e ,  w i l l  be l a r g e s t  when t h e  v i c i n a l  p r o t o n s  a r e  
t r a n s - c o p l a n a r , s m a l l e r  when t h e y  a r e  c i s - c o p l a n a r ,  and  
a r o u n d  z e r o  when t h e  p r o t o n s  a r e  a t  r i g h t  a n g l e s  t o  e a c h  
o t h e r .  One o f  t h e  m o s t  i m p o r t a n t  c o n s e q u e n c e s  o f  t h e  
K a r p l u s  e q u a t i o n  i s  t h a t  t h e  o r d e r  o f  m a g n i tu d e  o f  d i a x i a l ,
^ ^ M. K arp  l u s ,  J .  Chem. Phys . ,  1 9 5 9 , ^ ,  H  •
^^K .L . W i l l i a m s o n ,  J  .Amer .Chem. Soc . ,  1963 ,  8 5 ,5 1 6  ; i b i d . ,  
1 9 6 4 , % , 1 2 5 7 .
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a x i a l - e q  u a t o r i a l  and  d i e q u a t o r i a l  c o u p l i n g  c o n s t a n t s  
( 1 . 1  , and  J  r e s p e c t i v e l y )  i n  c y c l o h e x a n o i d  r i n g
dct clv/ S
c h a i r  s y s t e m s  c a n  be p r e d i c t e d  and  i s  i n  r e a s o n a b l e  
a g r e e m e n t  w i t h  t h e  o b s e r v e d  v a l u e s .
The p . m . r .  s t u d y  o f  a  number  o f  n a p h t h a l e n e  t e t r a ­
c h l o r i d e s  and  r e l a t e d  compounds g ave  v a l u e s  o f  t h e  v i =  
c i n a l  c o u p l i n g  c o n s t a n t s  b e t w e e n  an  a x i a l  and  a n  equa=
t o r i a l  p r o t o n  ( J  ) i n  t h e  r a n g e  2 . 9 - 3 . 5  c p s ,  w h e r e a sae
t h e  v a l u e s  a r e  much l a r g e r  f o r  d i a x i a l  p r o t o n s  ( j  i sa a
7 . 0 - 1 1 . 0  c p s ) .
F o r  c y c l i c  s y s t e m s ,  i t  h a s  b e e n  r e c e n t l y  e s t a =
26 27b l i s h e d  ’ t h a t  t h e  e f f e c t  o f  a n  e l e c t r o n e g a t i v e  
s u b s t i t u e n t  ( X ) on  t h e  v i c i n a l  c o u p l i n g  c o n s t a n t  va=  
r i e s  w i t h  t h e  o r i e n t a t i o n  o f  X w i t h  r e s p e c t  t o  t h e  
c o u p l i n g  p r o t o n s .  T h u s ,  i n  a  c y c l o h e x a n e  c h a i r
s y s t e m  i s  a b o u t  5 .5  c p s  (+ 1 c p s )  f o r  an  e q u a t o r i a l  
s u b s t i t u e n t  (LXXII,  X = OH,OAc,Br) ,  b u t  a b o u t  2 .5  cp s  
(+ 1 c p s ) f o r  a n  a x i a l  s u b s t i t u e n t  (LX X III ,  X = OH,OAc, 
B r ) ^ ^ .  These  d i f f e r e n c e s  a r i s e  d e s p i t e  t h e  s i m i l a r  dm= 
h e d r a l  a n g l e s  ( c a .  6 0 ° )  i n v o l v e d  i n  b o t h  x a s e s .  I t  c a n  
be s e e n  t h a t  r e l a t i v e l y  l a r g e  d e v i a t i o n s  f ro m  t h e  v a l u e s  
p r e d i c t e d  by t h e  K a r p l u s  e q u a t i o n  a r e  so m e t im e s  o b s e r =  
v e d .  O t h e r  e l e c t r o n e g a t i v e  g r o u p s  g i v e  r i s e  t o  s i m i l a r  
e f f e c t s .
^ ^ N .S .B a c c h a  and  B . H . W i l l i a m s , ’’A p p l i c a t i o n s  o f  M R  Spec= 
t r o s c o p y  i n  O rg a n ic  G h e m s i t r y " ,  H o ld e n - B a y ,S a n  F r a n c i s c o ,  
1 9 6 4 .
^ ^ H . B o o t h , T e t r a h e d r o n  B e t t e r s , 1 9 6 5 . 4 1 1 .
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Ha
(LXXII)  (L X X III )
I n  (L X X II ) and  (L X X II I )  t h e  b o n d s  t h r o u g h  w h ic h  t h e
r e l e v a n t  v i c i n a l  c o u p l i n g s  o c c u r  a r e  m arked  i n  h e a v y
o u t l i n e .  A p p a r e n t l y ,  t h e  e f f e c t  o f  X i n  r e d u c i n g  J
— VIC
i s  g r e a t e r  when X i s  t r a n s - c o p l a n a r  w i t h  r e s p e c t  t o  
t h e  C-2 p r o t o n  (Hg  ^ i n  L X X III)  t h a n  when t h e  a n g l e  
b e tv /ee n  X and  t h e  0 - 2  p r o t o n  (H^ i n  LXXIl} i s  a b o u t  
60 °  . Hence t h e  c o n f i g u r a t i o n  ( a x i a l  o r  e q u a t o r i a l )  
o f  e l e c t r o n e g a t i v e  s u b s t i t u e n t s  may be d ed u c ed  f ro m  
t h e  m a g n i tu d e  o f  t h e  a s s o c i a t e d  a x i a l - e q u a t o r i a l  
c o u p l i n g  c o n s t a n t s .
1 6 . 1  1-METHYLNAPHTHALEHE-l, 2 , 3 , 4-TETRACHLORIDE.
The i s o l a t i o n  o f  t h e  a d d i t i o n  produce ts  i n  p u r e  
s t a t e  i s  s o m e t im e s  r a t h e r  d i f f i c u l t ,  and  i n  many c a s e s  
y i e l d s  a r e  p o o r .
Of t h e  a d d u c t s  w h ic h  accompany t h e  s u b s t i t u t i o n  
p r o d u c t s  f ro m  1 - m e t h y l n a p h t h a l e n e  c h l o r i n a t i o n ,  t h e  
f i r s t  t o  be e l u t e d  w i t h  l i g h t  p e t r o l e u m  f ro m  a  co= 
lumn o f  s i l i c a  g e l  i s  t h e  t e t r a c h l o r i d e  (XXXV). T h i s  
compound h a s  a n  u n s y m m e t r i c a l  p . m . r .  s p e c t r u m  due t o
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t h e  p r e s e n c e  o f  t h e  m e t h y l  g ro u p  i n  t h e  1 - p o s i t i o n , a n d  
a l l  i t s  t h r e e  a l i c y c l i c  p r o t o n s  a r e  m a g n e t i c a l l y  n o n -  
eq  u i v a l e n t .
P o r  (XXXV), t h e  h i g h  v a l u e  o f  t h e  c o u p l i n g  c o n s t a n t ,
J g  ^ = 1 2 .3  o p s ,  b e t w e e n  t h e  s i g n a l s  o f  t h e  h y d r o g e n
a to m s  i n  t h e  2 -  and  3 - p o s i t i o n  shows t h a t  t h e s e  a to m s
a r e  t r a n s - d i a x i a l l y  d i s p o s e d ,  i t  b e i n g  assum ed  h e r e  and
t h r o u g h o u t  t h i s  t h e s i s ,  i n  a c c o r d a n c e  w i t h  t h e  e v i d e n c e
d i s c u È s e d  e a r l i e r ^ ,  t h a t  t h e  h a l f - c h a i r  c o n f o r m a t i o n  o f
t h e  c y c l o h e x e n o i d  r i n g  i s  p r e f e r r e d .  The low v a l u e  o f
J  ( 2 . 9  c p s )  t h e n  i n d i c a t e s  t h a t  t h e  3 -  and 4 - h y d r o =
J , 4
g en  a to m s  a r e  c i s  t o  e a c h  o t h e r .
By K a r p lu s *  r e l a t i o n s h i p  and  by  e x a m i n a t i o n  o f  mo= 
l e c u l a r  m o d e l s ,  t h e  a n g l e  b e t w e e n  t h e  C ( 2 )h ( 2)  and 
C ( 3 )H (3 )  b o n d s  s h o u l d  be a b o u t  1 7 0 ° ,  and  t h a t  b e t w e e n  
t h e  0 ( 3 ) H ( 3 )  and  C (4 )H (4 )  b o n d s  s h o u l d  be a b o u t  6 0 ° .
The o n l y  c o n f i g u r a t i o n  c o n s i s j k e n t  w i t h  t h e s e  f a c t s  i s  
(LY), a s  o u t l i n e d  on p ag e  1 6 0 ,  and  t h e  c o n f o r m a t i o n  
i n  s o l u t i o n  m u s t  h av e  t h e  g e o m e t ry  shown i n  (LXXIV).
H
C l
Me
01
C l
H
C l
C l
Me
Cl
H
(LXXIV-a) (LXXIV-Td)
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The c o n f i g u r a t i o n  a b o u t  t h e  1 - p o s i t i o n  i s  n o t  so  
c e r t a i n l y  e s t a b l i s h e d  by  t h e s e  r e s u l t s ,  b u t  t h e T - v a l u e s  
f o r  t h e  o t h e r  a d d u c t s  o f  knovm c o n f o r m a t i o n  a l r e a d y  
s t u d i e d ,  h e l p  u s  t o  make a  t e n t a t i v e  a s s i g n m e n t ^  b e c a u s e  
t h e  c h e m i c a l  s h i f t  o f  a n  a l i c y c l i c  a x i a l  2 -  o r  3 - h y d r o =  
g e n  a tom  i n  a  s u b s t i t u t e d  t e t r a l i n  s y s t e m  i s  a p p r e c i a b l y  
i n f l u e n c e d  by t h e  p r e s e n c e  o f  a  p s e u d o - a x i a l  c h l o r i n e  
o r  o t h e r  e l e c t r o n - w i t h d r a w i n g  g r o u p  i n  t h e  4 -  o r  l - p o s i =  
t i o n  r e s p e c t i v e l y .  T a b le  21 and  s t r u c t u r e  (LXXV) sum= 
m a r i z e  t h e  r e l e v a n t  e v i d e n c e .
(a* )X
Y ( a ' )
XLXX7)
From t h e s e  r e s u l t s  f o r  t h e  n a p h t h a l e n e  t e t r a c h l o =  
r i d e s ^  ( t o p  s e c t i o n  o f  t h e  T a b l e ) ,  when a  2 -  o r  3- a x i a l  
h y d r o g e n  a tom  h a s  a  h y d r o g e n  atom  i n  t h e  p s e u d o - a x i a l  
4 -  o r  1 - p o s i t i o n  r e s p e c t i v e l y ,  t h e  ' u - v a l u e  i s  r e l a t i v e l y  
h i g h ,  i n  t h e  r a n g e  5 . 3  -  5 .5  . When i n s t e a d  t h e r e  i s  a  
d e s h i e l d i n g  c h l o r i n e  a to m  s i m i l a r l y  p l a c e d ,  t h e  'tT-value 
i s  u s u a l l y *  r e d u c e d  t o  b e lo w  5 . 1  . T h i s  c o r r e l a t i o n
s l i g h t l y  h i g h e r  v a l u e ,  s t i l l  n o t  i n  t h e  "norm al"  
r a n g e , i s  f o u n d  f o r  t h e  3 - h y d r o g e n  a tom  i n  1 -b ro m o -  
n a p h t h a l e n e  t e t r a c h l o r i d e , p e r h a p s  b e c a u s e  t h e  C-Br 
bond  i s  more p o l a r i s a b l e  t h a n  t h e  C -C l  bond  and  c o u l d  
c a u s e  a n  a d d i t i o n a l  f i e l d  e f f e c t  whose s i g n  d e p e n d s  
on t h e  bond  d i s t a n c e s  and a n g l e s  i n v o l v e d .
TABLE 21. Chemical shifts (T ) for axial 2- and/or 3-hydrogen 
atoms influenced hy pseudo-axial 1 - or 4 -^roup3 .=^
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Compound l-X(a') 3-H(a) 4-Y(a*) .2-H(æ)
Naphthalene -<6-te trachlor ide ’ Cl 4.93 Cl 4.93
Naphthalene-^-tetrachloridegg
Naphthalene-S-tetrachloride 
Naphthalene acetoxytrichloride^g
H 5.42 H 5 . 4 2
Cl 5.08 H 5.53
Cl 4.60 H 5.47
Naphthalene hydroxytrichloride Cl 5.03 H 5.33
1-Methylnaphthalene-l,2,3,4-tetra­
chloride , ( XXX7 ; LXXIV ) ClCorMef^ 4.89 Cl 5.11
1-ChloromethyInaphthalene-1. 2,3 ,4- 
tetrachloride, (XXXV-I;LXXVII)
Cl (or
CH2 CI)** 4 . 9 7 Cl 4.56
1-Me thy l-4~chlor onaphthalene -5,6,7-j 8-
tetrachloride, (jaxiX;LXXVIII ) Cl 4.75 Cl 4.75
1-Me thyl-4-chi or onaphthalene- l-,2-,3T4-
tetrachloride,(XLII;LXXIX) Me 5.35 Cl 4.74
l-Chloromethylnaphthalene-5,6,7,8-
tetrachloride,(L;LXXXIII) Cl 4.85 Cl 4.85
1-MethyInaphthalene hydroxytri­ OH
' Cl 5.10===chloride ,{XXX7III;LXX7I) (or Me ) 5.10**
l-(^-Chloroethyl)naphthalene-l,2,3,4- Cl (or
tetrachloride,(XLVI;LXXXi) ■CHCLCH3 ) 5.31 Cl 4.62
1 -PhenyInaphthale ne-1 ,2 ,3 ,4-te tra- 
chlopide,(XLVII;LXXXII)
Cl (or
-C6%5 4 . 2 1 Cl 4.69
1,2,3,4,5,8 -He xachloro-1,2,3,4- 
tetrahydronaphthalene(LXIV;XCVII) Cl? 4.76 Cl? 4.76
8 -Bromo-l,2,3,4,5-pentachloro-1,2,3,4 
tetrahydronaphthalene,(LX7II;XCVII) Cl(orBr) 4.64 Cl? 4.64
1,2,3,4,5 -Pentachloro-l,2,3,4-tetra-
onaphthale ne,(LXVIII;XCVIII) Cl? 4Ü87 Cl? 4.87
1-Chloronaphthalene tetrachloride, 
(LXII1;XC1V7 Cl * 4.65 Cl 5009
1-Bromonaphthalene tetrachloride, Br(or Cl)* 5 . 2 1 Cl 4.56
(LXVI;XCV)
2-MethyInaphthalene tetrachloride,
(LI;LXXXVI) Cl 4.83 - -
2-Methylnaphthalene acetoxy-
trichloride,(LIT ;LXXX7II) Cl 4 . 9 7 - -
2-Methylnaphthalene hydroxy­
trichloride, (1VI;LXXXIX) Cl 5 . 0 0 - -
1-Chloro-2-methyInaphthalene-1,2,3,4-
4.60tetrachloride,(LIX;XCI) Cl
^Derivatives çf.l-methylnaphthalene are numbered , „ : i ,
as the I-position.
**See text,at pagel6 6 . 3E3EXjn CBCl3 ; in acetone y'C- 
and 5 .1 2 (2 %).
with the alkyl group 
-values are 4.89(3H)
165
h o l d s  a l s o  f o r  ad d u c t s  f r o m  1 - e  t h y  I-7 1 -phenyl-^  1 - c h l o r o - ,  
an d  2 - m e th y  1 - n a p h t h a l e n e  ( t h r e e  l a s t  s e c t i o n s  o f  t h e  
T a b l e ) .  I t  s h o u l d  be n o t e d  t h a t  s u c h  a n  a n i s o t r o p i c  
e f f e c t  by  t h e  h a l o j j e n  a to m s  i s  a  f i e l d  e f f e c t  o p e r a t i n g  
t h r o u g h  s p a c e ,  i n  c o n t r a s t  t o  t h e  i n d u c t i v e  e f f e c t s  
w h i c h  p r o p a g a t e  a l o n g  t h e  c h e m i c a l  b o n d s .
F o r  t h e  t e t r a c h l o r i d e  (XXXV, LXXIY) nov/ u n d e r  con= 
s i d é r a t i o n ,  t h e  r e l a t i v e l y  low T ^ -v a lu e  f o r  t h e  3 - h y d r o =  
g e n  a to m  ( 4 . 8 9 ) s u g g e s t s  t h a t  i t s  c h e m i c a l  s h i f t  i s  i n =  
f l u e n c e d  b y  a  1 - c h l o r i n e ,  r a t h e r  t h a n  a  1 - m e t h y l - g r o u p ,  
an d  h e n c e  t h a t  t h e  1 - c h l o r i n e  a to m  i s  p s e u d o - a x i a l :  
(L X X IV -a) .
16 .2  1-METHYLNAPHTHALEÜE HYDROXYTRICHLORIDE.
The 1 - m e t h y l n a p h t h a l e n e  h y d r o x y t r i c h l o r i d e  ( XXXVIII ) ,  
m . p .  126®, i s  a p p a r e n t l y  d e r i v e d  by  h y d r o l y s i s  o f  a n  
a c e t o x y t r i c h l o r i d e  on t h e  c h r o m a t o g r a p h i c  c o lu m n .
I t s  p . m . r .  s p e c t r u m  ( T a b l e  1 6 )  shows i t  t o  c o n t a i n  
a  m e t h y l  g r o u p ,  a  h y d r o x y l  g r o u p ,  and  t h r e e  o t h e r  a l i =  
c y c l i c  p r o t o n s ;  t h e  p r e s e n c e  o f  a  h y d r o x y l  g r o u p  i s  
c o n f i r m e d  b y  t h e  i n f r a r e d  s p e c t r u m .  I t  m u s t ,  t h e r e f o r e ,  
be  a  1-me t h y l - l - h y d r o x y - 2 , 3 , 4 - t r i c h l o r o - 1 , 2 , 3 , 4 - t e t r a =  
h y d r o n a p h t h a l e n e .
T h i s  a s s i g n m e n t  o f  t h e  p o s i t i o n  o f  t h e  h y d r o x y  
g r o u p  i s  s u p p o r t e d  by  t h e  c h e m i c a l  s h i f t  o i  t h e  m e t h y l  
h y d r o g e n  a to m s  i n  t h e  p .m * r*  s p e c tn h m ;  w i t h  c h l o r i n e
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a t t a c h e d  t o  t h e  same 1 - c a r b o n  a to m ,  t h e  'C ' - v a lu e  f o r  
t h e  m e t h y l  g r o u p  s h o u l d  be  c a .  7 . 7 5  ( c f .  T a b l e  1 6 ) ,
b u t  t h e  d e s h i e l d i n g  e f f e c t  o f  a  h y d r o x y  g r o u p  s i m i =
26 2 Ôl a r l y  p l a c e d  i s  l e e s  i m p o r t a n t  ’ , and  t h e  T : - v a l u e
s h o u l d  be s i g n i f i c a n t l y  h i g h e r t  I n  f a c t ,  t h e  r e c o r d e d
v a l u e  f o r  (XXXYIIl)  i s  8 . 1 6 .  C o n v e r s e l y ,  t h e  p r o t o n  i n
t h e  4 - p o s i t i o n  h a s  t h e  low  T - v a l u e  ( 4 . 4 8 )  e x p e c t e d
f o r  a  ^C H C l,  r a t h e r  t h a n  f o r  a  >CH(0H) g r o u p .
As i n  t h e  1-me t h y l n a p h t h a l e n e  ÿ e t r a c h l o r i d e  (XXXV),
t h e  c o u p l i n g  c o n s t a n t s  ( J  l a r g e ,  and  J  s m a l l )
 ^f ^ > 4
show t h e  d i s p o s i t i o n  o f  t h e  a l i c y c l i c  h y d r o g e n  a to m s  
t o  be a s  i n  (LXXVl).
01-
C l
H
C l
HO
Me
o r
C l
H
(LXXVI-a) (LXXVI-b)
A g a in  t h e  c o n f i g u r a t i o n  a b o u t  t h e  1 - c a r b o n  a tom  
i s  n o t  d e f i n i t e l y  p r o v e d ,  b u t  t h e  c h e m i c a l  s h i f t  f o r  
t h e  3 - h y d r o g e n  a to m  s u g g e s t s  t h a t  i t  i s  a f f e c t e d  by  a  
p s e u d o - a x i a l  h y d r o x y - ,  r a t h e r  t h a n  a  m e t h y 1 - g r o u p  
(L X X V I-a ) .  I f  t h i s  i s  s o ,  t h e n  t h e  r e p l a c e m e n t  o f  t h e  
h y d r o x y - g r o u p  b y  c h l o r i n e  i n  t h e  c o n v e r s i o n  o f  (XXXVIII)
p c
L . M . J a c k m a n , " A p p l i c a t i o n s  o f  NMR S p e c t r o s c o p y  i n  O r g a n i c  
C h e m i s t r y " , P e r g a m o n  P r e s s , O x f o r d , 1 9 5 9 .
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t o  (XXXV) h a s  p r o c e e d e d  w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n ,
a s  s o m e t im e s  o c c u r s  i n  u n i m o l e c u l a r  r e p l a c e m e n t s  i n  a l i =
29
c y c l i c  s y s t e m s  •
16 .3  l-CHLORO,MEÏHYLNAPHTHALE^iE TETRACHLORIDE ( XXXYI ) .
The 1 - c h l o r o m e t h y l n a p h t h a l e n e  t e t r a c h l o r i d e  (XXXVl), 
m . p .  155®, i s  s u b s t i t u t e d  i n  t h e  s i d e - c h a i n ,  s i h c e  w i t h  
s o d iu m  m e t h o x i d e  i n  m e t h a n o l  i t  l i b e r a t e s  t h r e e  m o le s  o f  
o f  h y d r o g e n  c h l o r i d e  t o  f o r m  a  compound (XXXVIl) Tschich 
i s  shown by  a n a l y s i s ,  i n f r a r e d  s p e c t r o s o o p y ,  and  p . m . r .  
s p e c t r o s c o p y  t o  be  a  m e t h y l  e t h e r .
The p . m . r .  s p e c t r a m  o f  t h e  a d d u c t  i n d i c a t e s  a l s o  
t h e  p r e s e n c e  o f  a  -CH^Cl g r o u p  ( s i n g l e t ;  a r e  a  c o r r e s p o n =  
d i n g  t o  two h y d r o g e n  a t o m s ,  T  = 5 * 4 2 ) .  The a d d e d  c h l o r i n e  
a to m s  a r e  i n  t h e  same r i n g  a s  t h e  c h l o r o m e t h y l  g r o u p , a s  
i s  shown b y  t h e  f a c t  t h a t  t h e r e  a r e  o n l y  t h r e e  more a l i =  
c y c l i c  p r o t o n s .  T h e i r  c o u p l i n g  c o n s t a n t s  (  ^ = 1 1 .6  c p s ;  
J  = 3 . 3  c p s )  i n d i c a t e  t h a t  t h e  h y d r o g e n  a to m s  a r e  i n  
t h e  2 - a - ,  3 - a - ,  a n d  4 - e ' — p o s i t i o n s  r e s p e c t i v e l y ,  and  
t h e  s t e r e o c h e m i s t r y  a s  f a r  a s  i t  h a s  b e e n  d e f i n e d ,  i s  
a s  shown e i t h e r  i n  (LX X V II-a )  o r  i n  (L X X V II -b ) .
H
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(L X X 7 II -b )
^ ^ C . W . S h o p p e e , R . L a c k , a n d  E.MeLea n , J . C h e m . S o c . , 1 9 6 4 ,4 9 9 6 •
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The r e l a t i v e l y  low  v a l u e  o f  t h e  c h e m i c a l  s h i f t  f o r  
t h e  q u a r t e t  c e n t r e d  a t  4 . 9 7  ^  , due  t o  t h e  h y d r o g e n  on 
t h e  3 - c a r b o n  i n d i c a t e s  t h a t  t h e  p s e u d o - a x i a l  g r o u p  i n  
t h e  1 - p o s i t i o n  i s  more p r o b a b l y  c h l o r i n e  t h a n  c h l o r o ­
m e t h y l ,  a c c o r d i n g  t o  t h e  g e n e r a l  p a t t e r n  c o n s i d e r e d  i n  
T a b l e  2 1 ;  i t  i s ,  t h e r e f o r e ,  t h o u g h t  t h a t  s t r u c t u r e  
(L X X 7 I I - a )  i s  more l i k e l y  t h a n  (L X X V II -b ) .
1 6 . #  1-METHYLNAPHTHALENE GHLOROTETRACHLORIDES•
( a ) The a d d u c t  ( XXXIX) ,  m . p .  178®, h a s  u n d e r g o n e  s u b s t i =  
t u t i o n  i n  one r i n g  a n d  a d d i t i o n  i n  t h e  o t h e r ;  t h i s  i s  t h e  
r e s u l t  e x p e c t e d  when a  s u f f i c i e n t l y  e l e c t r o n - w i t h d r a w i n g  
g r o u p  i â  i n t r o d u c e d  i n t o  t h e  n a p h t h a l e n e  n u c l e u s .
I t s  p . m . r .  s p e c t r u m  shows t h e  p r e s e n c e  o f  a  m e t h y l  
g r o u p ,  two a r o m a t i c  p r o t o n s  ( a n  A B sy s te m ) ,  and  f o u r  more 
a l i c y c l i c  p r o t o n s .  One c h l o r i n e  s u b s t i t u e n t  c a n  be a s s i =  
g n ed  t o  t h e  4 - p o s i t i o n ,  s i n c e  t h i s  compound h a s  b e e n  
o b t a i n e d  a l s o  f r o m  1 - c h l o r o - 4 -m e t h y l n a p h t h a l e n e . The 
a l i c y c l i c  p a r t  ©f t h e  s p e c t r u m  i s  f o r t u i t o u s l y  s i m p l e  
f o r  a n  ABOD s y s t e m ;  i t  c o n s i s t s  o f  t r i p l e t s  f o r  t h e  5 - ,
t h e  8 - ,  and  t h e  6 , 7 - p r o t o n s .
The t a b u l a t e d  v a l u e s  a s s i g n  t h e  s i g n a l  c e n t r e d  a t  
4 . 1 0  *r , r a t h e r  t h a n  t h a t  a t  4 . 3 0 t o  t h e  5 - h y d r o g e n  
a to m ,  s i n c e  t h i s  i s  a d j a c e n t  t o  t h e  4 - c h l o r i n e  s u b s t i =
t u e n t .  E o r  t h e  same r e a s o n ,  t h e  h y d r o g e n  i n  t h e  3 - p o s i =
t i o n  h a s  b e e n  a s s i g n e d  t h e  t r - v a l u e  o f  2 . 3 5 .
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The c o u p l i n g  c o n s t a n t s ,  ^ and  g ,  c a n  be 
e s t i m a t e d  t o  be s m a l l ,  and  s p i n - d e c o u p l i n g  e x p e r i m e n t s  
c o n f i r m  t h a t  t h e  v a l u e s  a r e  2 . 6  c p s .  The d i h e d r a l  a n g l e  
b e t w e e n  t h e  5 , 6 - h y d r o g e n  a to m s  m u s t  t h e r e f o r e  be  t h a t
o f  a n  a*e  , e *a , o r  e *e p a i r ,  and  t h e  same m u s t  be
t r u e  o f  t h e  7 , 8 - h y d r o g e n  p a i r .
( a )  I t  i s  p o s s i b l e  t h a t  t h e  compound h a s  s t r u c t u r e
( L X X 7 I I I - a ) ,  w i t h  c o n f o r -m a t io n  a n a l o g o u s  w i t h  t h a t  o f
22n a p h t h a l e n e - C k. - t e t r a c h l o r i d e  (LV) ; b u t  no e v i d e n c e  
c o u l d  be f o u n d  i n  t h e  p . m . r .  s p e c t r u m  t o  s u b s t a n t i a t e  
a  l a r g e  c o u p l i n g  c o n s t a n t  f o r  t h e  6 , 7 - h y d r o g e n  p a i r .
( b )  I f  t h e  s p e c t r u m  s h o u l d  i n s t e a d  be  i n t e r p r e t e d  a s  
i m p l y i n g  a  v e r y  s A a l l  v a l u e  f o r  t h e  l a t t e r  c o u p l i n g  
c o n s t a n t ,  one p o s s i b i l i t y  f s  t h a t  t h i s  compound i s  t h e  
a l l - t r a n s - i s o m e r ,  w i t h  a l l  c h l o r i n e  a to m s  a x i a l  o r  
p s e u d o - a x i a l  an d  t h e  h y d r o g e n  a to m s  c o r r e s p o n d i n g l y  
e q u a t o r i a l  o r  p s e u d o - e q u a t o r i a l  ( c o n f o r m a t i o n  L X X 7 I I I -b ,  
c o m p le m e n ta r y  t o  t h a t  o f  t h e  n a p h t h a l e n e - J ^ - t e t r a c h l o r i d e , 
LVI ) .
> 1  /ClH-v/Me
C l
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( L X X ? I I I - a )  (L X X V III -b )
(B) The l - c h lo r o -4 -m e t h y l n a p h t h a l e n e  t e t r a c h l o r i d e
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( X L I I )  o f  m . p .  1 5 8 ®, h a s  a l l  i t s  c h l o r i n e  a to m s  i n  one
r i n g ,  s i n c e  i t  i s  o x i d i s e d  by  d i l u t e d  n i t r i c  a c i d  t o
p h t h a l i c  a c i d ,  a n d  s i n c e  w i t h  a l k a l i  i t  g i v e s  t h e  l - m e =
t h y l - 2 , 3 , 4 ~ t r i c h l o r o n a p h t h a l e n e  ( X L I I l )  o f  m . p .  147®,
5
f i r s t  d e s c r i b e d  b y  S c h e r l e r  .
A p a r t  f r o m  t h e  f o u r  a i o m a t i c  p r o t o n s ,  t h e  p . m . r .  
s p e c t r u m  o f  ( X L I l )  shows t h e  p r e s e n c e  o f  a  m e t h y l  g r o u p ,  
an d  o n l y  two o t h e r  a l i c y c l i c  p r o t o n s ,  J  = 1 1 . 5  c p s . 
W i th  t h e  e x p e r i e n c e  so  f a r  a c c u m u l a t e d ,  o n l y  d i a x i a l  
p a i r s  o f  h y d r o g e n s  i n  t h e  2 -  and  3 - p o s i t i o n s  ( a n d  n o t  
a x i a l ,  p s e u d o - a x i a l  p a i r s  i n  t h e  1 , 2  o r  3 , 4 - p o s i t i o n s )  
h a v e  s u c h  a  l a r g e  c o u p l i n g  c o n s t a n t .  T h i s  s u g g e s t s  t h a t  
t h e  e x t r a  c h l o r i n e  atom® i s  i n  t h e  4 - p o s i t i o n ,  a s  i s  
c o n f i r m e d  b y  t h e  p r e p a r a t i o n  o f  ( X L I l )  f r o m  1 - c h l o r o -  
4 - m e t h y l n a p h t h a l e n e . The s t r u c t u r e  an d  c o n f o r m a t i o n  m u s t  
t h e r e f o r e  be  one o f  t h e  p o s s i b i l i t i e s  shown i n  (LXXIX-a) 
a n d  (LX X IX -b) .
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(LXXIX-a) (LXXIX-b)
F u r t h e r  a i d  i n  d e f i n i n g  t h e  c o n f o r m a t i o n  o f  t h i s  
a d d u c t  comes f r o m  k i n e t i c  m e a s u r e m e n t s .
The e f f e c t  o f  s t r u c t u r e  u p o n  r e a c t i v i t y  h a s  b e e n  de=
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m o n s im te d  i n  t h e  c a s e  o f  t h e  b a s e - c a t a l y s e d  e l i m i n a t i o n s  
o f  t h e  b e n z e n e  an d  n a p h t h a l e n e  t e t r a c h l o r i d e s ,  f r o m  a  
k i n e t i c  an d  s t e r e o c h e m i c a l  s t a n d p o i n t ^ ^ . I n  a l l  c a s e s  
t h e  r e a c t i o n s  a r e  b i m o l e c u l a r ,  E ^ ,  w i t h  t h e  i n i t i a l  a t =  
t a c k  o f  b a s e  on a  p r o t o n w  a t t a c h e d  t o  a n  a l l y l i e  c a r b o n  
a to m .  G e n e r a l l y  s p e a k i n g ,  f o r  a n  r e a c t i o n  t o  o c c u r  
e a s i l y  i n  a  c y c l i c  s y s t e m ,  n o t  o n l y  m u s t  t h e  l e a v i n g  
g r o u p s  be  t r a n s  t o  e a c h  o t h e r ,  b u t  t h e y  m u s t  a l s o  be  i n  
a  d i a x i a l  c o n f o r m a t i o n ;  o n l y  t h e n  a r e  t h e  i n v o l v e d  a to m s  
c o p l a n a r .  When a  t r a n s - d i a x i a l  c o n f o r m a t i o n  i s  p r e c l u d e d ,  
h o w e v e r ,  e l i m i n a t i o n  t a k e s  p l a c e  a t  a  much s l o w e r  r a t e .  
F u r t h e r m o r e ,  i n  1 , 2 - e l i m i n a t i o n  p r o c e s s e s ,  a n  a l l y l i c  
a x i a l  h y d r o g e n  and  t h e  a d j a c e n t  a x i a l  c h l o r i n e  r e a c t  
more r a p i d l y  t h a n  do a n  a l l y l i c  e q u a t o r i a l  h y d r o g e n  and  
t h e  a d j a c e n t  e q u a t o r i a l  c h l o r i n e ,  p r e s u m a b l y  b e c a u s e  
a x i a l - a x i a l  e l i m i n a t i o n  i n v o l v e s  a  p l a n a r  f o u r - c e n t r e  
t r a n s i t i o n  s t a t e , a n d  c a n  t h u s  p r o c e e d  by  a  o n e - s t e p  
C o n c e r t e d  m e c h a n i s m .  On t h e  o t h e r  h a n d ,  a  d i e q u a t o r i a l  
e l i m i n a t i o n  r e q u i r e s  r i n g  c o n v e r s i o n  t o  t h e  d i a x i a l  f o rm  
o r ,  i f  r i n g  c o n v e r s i o n  i s  s t e r i c a l l y  h i n d e r e d ,  p r o c e e d s  
v i a  a  m u l t i p l e - s t e p  c a r b a n i o n  i n t e r m e d i a t e  p r o c e s s .
Thus  t h e  d e h y d r o c h l o r i n a t i o n  o f  t h e  n a p h t h a l e n e  t e t r a ­
c h l o r i d e s  c a n  be i n t e r p r e t e d  s a t i s f a c t o r i l y  b y  t a k i n g  
i n t o  a c c o u n t  b o t h  s t e r i c  and  s t e r e o e l e c t r o n i c  r e q u i r e =  
m e n t s ,  t h e  r e l a t i v e  r a t e s  o f  t h e  variT^ms p r o c e s s e s
^ ^ H . J . O r l o f f  and  A. J  .K o l k a ,  J  .Amer .Chem .Soc . ,1 9 5 j4 ,7 6 , 5 4 8 4 ;  
c f .  H . J . O r l o f f , C h em .R ev . , 1 9 5 4 , 5 4 , 3 4 7 *
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i n v o l v e d  i n  t h e  f i r s t  s t a g e  o f  t h e  d e h y d r o c h l o r i n a t i o n s  
b e i n g :
t r a n s - ( a * - l - H ,  a - 2 - C l )  ^  t r a n s - ( a - 2 - H ,  a * - l - C l ) >  
t r a n s —( a —2 —H, a —3 —C l )  c i s —( a  * —1 —H. e —2—C l ) 
c i s - ( a - 2 - H ,  e ' - l - G l )
B o t h  p r e v i o u s l y  p r o p o s e d  s t r u c t u r e s  ( L X X 7 I I l ) , f o r
t h e  a d d u c t  ( X L I l ) , h a v e  h y d r o g e n  an d  c h l o r i n e  a to m s
c o n f i g u r a t i o n a l l y  t r a n s  t o  e a c h  o t h e r ,  and  t h e s e  a r e
a x i a l l y  o r  p s e u d o - a x i a à l y  d i s p o s e d  on  t h e  3 -
a n d  4 - c a r b o n  a to m s  r e s p e c t i v e l y ;  so  b o t h  o f  them  c a n
u n d e r g o  f i r s t  a  r a p i d  s e c o n d  o r d e r  d e h y d r o c h l o r i n a t i o n :
a - 3 - H ,  a * - 4 - C l  . I f  t h e  s t r u c t u r e  w e re  (LXXIX-b),  how=
e v e r ,  b o t h  s t a g e s  o f  a l k a l i n e  d e h y d r o c h l o r i n a t i o n  w o u ld
be e x p e c t e d  t o  be  a s  f a s t  a s ,  o r  more p r o b a b l y  f a s t e r
t h a n ,  t h a t  o f  t h e  two s t a g e s  o f  a l k a l i n e  d e h y d r o c h l o r i =
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n a t i o n  o f  n a p h t h a l e n e - - t e t r a c h l o r i d e  , s i n c e  l i k e  
t h e  l a t t e r  compound i t  c o n t a i n s  two p a i r s  o f  h y d r o g e n  
an d  c h l o r i n e  a to m s  i n  t h e  f a v o u r a b l e  c o n f o r m a t i o n  f o r  
a  t r a n s - d i a x i a l  e l i m i n a t i o n .  A c h l o r o t e t r a c h l o r i d e  o f  
s t r u c t u r e  (LX X IX -a) ,  on t h e  o t h e r  h a n d ,  c a n  u n d e r g o  r a =  
p i d  e l i m i n a t i o n  i n  t h e  f i r s t  s t a g e  t o  g i v e  t h e  x h i m a  
d i c h l o r o - d i c h l o r i d e  (LXXX), b u t  i t s  s e c o n d  s t a g e  o f  
d e h y d r o c h l o r i n a t i o n  s h o u l d  be  s u f f i c i e n t l y  s lo w  t o  be 
d i s t i n g u i s h e d  a s  a n  i n d e p e n d e n t  p r o c e s s  i m p l y i n g  a  c i s -  
e l i m i n a t i o n  o f  e * - l - C l ,  a - 2 - H  . The r e s u l t s ,  w h ic h  a r e  
s junm ar ied  i n  T a b l e  5 ,  s u g g e s t  t h a t  t h e  f i r s t  s t a g e  o f
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d e h y d r o c h l o r i n a t i o n  h a s  k» = 8 . 4  1 m o l e ”  m in  , and
—1 —1
t h e  s e c o n d  h a s  = 1 . 0  1 m ole  m in  . S i m i l a r l y  a  
c i s - 2 , 3 - e l i m i n a t i o n  o f  h y d r o g e n  c h l o r i d e  i s  t o  he  r u l e d  
o u t  b o t h  f ro m  t h e  k i n e t i c  d a t a  a n d  b e c a u s e  t h e  o n l y  
f i n a l  p e o d u c t  r e c o v e r e d  i s  t h e  t r i c h l o r i d e ,  m . p .  1 4 7 ° .
C l
C l
The e v i d e n c e  f r o m  t h e  c o u r s e  o f  a l k a l i n e  d e h y d r o ­
c h l o r i n a t i o n ,  t h e r e f o r e ,  c l e a r l y  i n d i c a t e s  t h a t  t h e  
compound o f  m . p . 1 5 8 °  h a s  s t r u c t u r e  (LX X IX -a) ,  and  t h i s  
f i t s  a l s o  w i t h  t h e  ^ - v a l u e s  a s s i g n e d  t o  t h e  2 -  and  3 -  
h y d r o g e n  a t o m s .  The s i g n a l  c e n t r e d  a t  5 . 3 5 ' ^  i s  u n l i k e l y  
t o  be  a s c r i b a b l e  t o  t h e  2- h y d r o g e n  a to m ,  s i n c e  t h i s  i s  
known t o  h a v e  a  4 - c h l o r i n e  a to m  i n  t h e  p s e u d o - a x i a l  po= 
s i t i o n ,  and  t h e  c o n s e q u e n t  d e s h i e l d i n g  i n f l u e n c e  o f  t h e  
l a t t e r  s h o u l d  m a r k e d l y  r e d u c e  t h e  'C - v a l u e .
The 3 - h y d r o g e n  a to m  m u s t ,  t h e r e f o r e ,  be  a s s i g n e d  t h e  T -  
v a l u e  o f  5 . 3 5 ;  and  t h i s  f i g u r e  i s  c o n s i s t e n t  w i t h  t h e  
e x p e c t e d  i n f l u e n c e  o f  a  p s e u d o - a x i a l  1 - m e t h y l ,  r a t h e r  
t h a n  a  1 - c h l o r i n e  a to m .
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1 6 . 5  OTHER TETRACHLORIDES EROM 1-SUBSTITUTED 
NAPHTHALENES.
( a ) The s t r u c t u r e  o f  1 - t B - c h l o r o e t h y 1 ) - n a p h t h a l e n e  
t e t r a c h l o r i d e  (X L V l) ,  m . p .  1 4 6 ° ,  i s  e s t a b l i s h e d  by  i t s  
p r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r u m ,  a s  w e l l  a s  by  ana=  
l y s i s  and  i n f r a r e d  s p e c t r o s c o p y .  I t  shows t h e  p r e s e n c e  
o f  a  -CHCl.CH^ g r o u p  ( a  d o u b l e t  c e n t r e d  a t  T -= 8 . 0 7 ,  
w i t h  a r e a  c o r r e s p o n d i n g  t o  t h r e e  h y d r o g e n  a t o m s ,  and  a  
q u a r t e t  a t  T  = 5 . 0 7 ,  whose  a r e a ,  m u l t e p l i c i t y  an d  p o s i =  
t i o n  c o r r e s p o n d  t o  a  s i n g l e  p r o t o n ,  a d j a c e n t  t o  a  m e t h y l  
g r o u p ,  s h i f t e d  d o w n f i e l d  by  a n  e l e c t r o n e g a t i v e  a to m  on 
t h e  same c a r b o n ) ,  t h u s  i n d i c a t i n g  t h a t  on  t h e  s t a r t i n g  
1 - e t h y l n a p h t h a l e n e  s u b s t i t u t i o n  by  c h l o r i n e  t o o k  p l a c e  
i n  t h e  s i d e  c h a i n .
The a d d e d  c h l o r i n e  a to m s  a r e  i n  t h e  same r i n g  a s  
t h e  c h l o r o e t h y l - g r o u p , b e c a u s e  o n l y  t h r e e  more a l i c y c l i c  
p r o t o n s  a r e  d e t e c t e d  i n  t h e  p r o p e r  s p e c t r a l  r a n g e ,  by  
i n t e g r a t i n g  t h e  p . m . r .  s i g n a l s .  L ik e  t h e  c o r r e s p o n d i n g  
1 - c h l o r o m e t h y l n a p h t h a l e n e  t e t r a c h l o r i d e  (XXXV) -  d e s c r i =  
b e d  on  p a r a g r a p h  1 6 . 3  -  t h e  a d d u c t  u n d e r  d i s c u s s i o n  h a s  
a  l a r g e  c o u p l i n g  c o n s t a n t  b e t w e e n  t h e  2 -  and  3 - h y d r o g e n  
a to m s  ( J  = 1 1 . 0  c p s ) ,  w h i l e  t h e  c o r r e s p o n d i n g  J
i s  s m a l l  ( 3 . 0  c p s ) ;  t h i s  i n d i c a t e s  t h a t  t h e  h y d r o g e n  
a to m s  a r e  i n  t h e  2 - a -  , 3 - a -  , and  4 - e ' - p o s i t i o n s  r e s p e c =  
t i v e l y ,  an d  t h e  o n l y  s t r u c t u r e s  c o n s i s t e n t  w i t h  t h e s e  
v a l u e s  c a n  h e  e i t h e r  ( iX X X I-a )  o r  ( iX X X I - b ) .
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(LXXXI-a) (LZZX I-b)
The c o n f i g u r a t i o n  a h o u t  t h e  1 - c a r b o n  a to m  c a n  be 
t e n t a t i v e l y  a s s i g n e d ,  t a k i n g  i n t o  a c c o u n t  t h e  r a t h e r  
h i g h  v a l u e  o f  t h e  c h e m i c a l  s h i f t  f o r  t h e  q u a r t e t  c e n t r e d  
a t  5 # 3 1 'C , due  t o  t h e  h y d r o g e n  on t h e  3 - c a r b o n ;  a c c o r d i n g  
t o  t h e  c o n s i d e r a t i o n s  w h i c h  r e s u l t  i n  t h e  g e n e r a l  p a t =  
t e r n s  o u t l i n e d  i n  T a b l e  2 1 ,  i t  c a n  be  d e d u c e d  t h a t  t h i s  
p o l y c h l o r i d e  i s  b e t t e r  r e p r e s e n t e d  by  s t r u c t u r e  (L Z X X I-a ) ,  
i n  w h i c h  t h e  p s e u d o - e q u a t o r i a l  g r o u p  i n  t h e  1 - p o s i t i o n  
i s  more l i k e l y  t o  be c h l o r i n e  t h a n  c h l o r o e t h y l .
(B) 1 - P h e n y I n a p h t h a l e ne t e t r a c h l o r i d e  ( X L V I l ) ,  m .p .
1@1.5 -1 9 2  h a s  t h e  c h l o r i n e  a to n e  ad d e d  t o  t h e  same
r i n g  b e a r i n g  t h e  p h e n y l  g r o u p ,  an d  b e l o n g s  t o  t h e  same 
c l a s s  o f  a d d u c t s ,  whose g e o m e t r y  -  a s  d e r i v e d  b y  a n a l y s i s  
o f  i t s  p . m . r .  s p e c t r u m  -  i s  b e t t e r  r e p r e s e n t e d  by  
(B 3 0 Œ II ) .
H
C l
-C l ,  - C A  • ------------ -----------' 6 5
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I n  t h i s  c a s e  t h e  s t e r e o c h e m i s t r y  a b o u t  1 - p o s i t i o n  
i s  more d i f f i c u l t  t o  a s s e s s ,  m a i n l y  b e c a u s e  t h e  low  
v a l u e  = 4 . 2 1 )  f o r  t h e  h y d r o g e n  a to m  on 3 - c a r b o n  seem s 
t o  r e f l e c t  a  p a r a m a g n e t i c  s h i f t  w h i c h  c o u l d  be  c a u s e d  
b y  t h e  d e s h i e l d i n g  e f f e c t  o f  e i t h e r  a  c h l o r i n e  a to m  o r  
a  p h e n y l  g r o u p .
( C ) The l - c h l o r m m e t h y l n a p h t h a l e n e  t e t r a c h l o r i d e  ( XXX7I) ,  
m . p .  1 5 5 ^ ,  t r e a t e d  i n  a  p r e v i o u s  p a r a g r a p h  ( 1 6 . 3 )  was 
n o t  d e t e c t e d ,  an d  c o u l d  h a v e  b e e n  f o u n d  o n l y  i n  t r a c e s ,  
i n  t h e  p r o d u c t  f r o m  t h e  c h l o r i n a t i o n  o f  1 - c h l o r o m e t h y l ­
n a p h t h a l e n e  .
C o n v e r s e l y ,  t h e  r e a c t i o n  o f  m o l e c u l a r  c h l o r i n e  on  
t h e  l a t t e r  compound a f f o r d e d  a  s e c o n d  1 - c h l o r o m e t h y l ­
n a p h t h a l e n e  t e t r a c h l o r i d e  i s o m e r  ( L ) ,  m . p .  1 5 2 - 1 5 2 . 5 ^ .
I t s  i . r .  s p e c t r u m  i s  d i f f e r e n t  f r o m  t h a t  o f  (XXXVl), 
and  on  h y d r o l y s i s ^ ^  i t  d o e s  n o t  g i v e  t h e  a l r e a d y  known 
d i  c h l o r o - 1 - (me t h o  xyme t h y l ) - n a p h t h a l e n e  (XXXVIl) ,  so  t h e  
c h l o r i n e  a to m s  m u s t  h a v e  a d d e d  t o  t h e  u n s u b s t i t u t e d  r i n g .
I t s  p . m . r .  s p e c t r u m  shows t h a t ,  l i k e  t h e  a l p h a -  and
22£ a r a m a - n a p h t h a l e n e  t e t r a c h l o r i d e s  , t h e  e n v i r o n m e n t s
o f  Hr- an d  Hq ( a n d  l i k e w i s e  o f  a n d  H „ ) ,  seem t o  be 5 o o f
m a g n e t i c a l l y  e q u i v a l e n t  -  d e s p i t e  t h e  p r e s e n c e  o f  t h e  
c h l o r o m e t h y l  g r o u p  on 1 - c a r b o n .
Of t h e  two s t r u c t u r e s  h a v i n g  t h i s  sy m m etry ,  n a m e ly  
(L X X X II I - a )  a n d  (L X X X III~ b ) ,  t h e  f o r m e r  s h o u l d  h a v e  
a  l a r g e  c o u p l i n g  c o n s t a n t  f o r  t h e  two a x i a l l y  d i s p o s e d
^^C.Cum, u n p u b l i s h e d  r e s u l t s .
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c e n t r a l  h y d r o g e n  a to m s  and  a  s m a l l  c o u p l i n g  c o n s t a n t  
f o r  t h e  o u t e r  p a i r s .  The i s o m e r  (L X X X II I - b ) ,  on t h e  e  
o t h e r  h a n d ,  s h o u l d  h a v e  low c o u p l i n g  c o n s t a n t s  f o r  e a c h  
p a i r  o f  p r o t o n s ,  i n  e i t h e r  o f  i t s  p o s s i b l e  c o n f o r m a t i o n s .
,01
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(L X X X II I - a )  (L X X X III -b )
U n f o r t u n a t e l y ,  t h e  o n l y  o b s e r v e d  e x p e r i m e n t a l  v a l u e  
( J ^  g ^  g = 3 . 7  c p s ) ,  a l t h o u g h  c o n s i s t e n t  w i t h  both ,  
p r o p o s e d  a l t e r n a t i v e s ,  i s  n o t  s u f f i c i e n t  by  i t s e l f  t o  
a l l o w  a  c h o i c e  o f  t h e  c o r r e c t  s t r u c t u r e  among th e m .
(D ) A s m a l l  am oun t  o f  a  1 , 4 - d i m e t h y l n a p h t h a l e n e  t e t r a ­
c h l o r i d e  (LX I)  o f  m.p* 1 6 3 ^ ,  was i s o l a t e d  b y  c h l o r i n a =  
t i n g  1 , 4 -d im e  t h y l n a p h t h a l e n e , and  h a s  a l l  i t s  c h l o r i n e  
a to m s  i n  one r i n g  s i n c e  i t  i s  o x ÿ d i z e d  b y  d i l u t e  n i t r i c  
a c i d  t o  p h t h a l i c  a c i d .
The p . m . r .  s p e c t r u m  shows i n  t h e  a r o m a t i c  r e g i o n  
t h e  p r e s e n c e  o f  a  s y m m e t r i c  p a t t e r n  o f  l i n e s ,  due t o  
t h e  f o u r  p r o t o n s  o f  t h e  r e s i d u a l  a r o m a t i c  r i n g  ( A^B^ 
s y s t e m ) ;  a  s i n g l e t  a t  5 . 0 9  "t: c o r r e s p o n d s  t o  t h e  c o u p l e  
a l i c y c l i c  p r o t o n s  on  2 -  an d  3 - c a r b o n  a t o m s ;  f i n a l l y , a  
s i n g l e t  a t  7 . 7 1  i s  t h a t  o f  t h e  two m e t h y l  g r o u p s  i n
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1 -  an d  4 - p o s i t i o n .  The m u l t i p l i c i t y  o f  t h e  l a s t  two 
s i g n a l s  i s  a  c l e a r  s i g n  t h a t  a l l  t h e  p r o t o n s  r e s p o n s i =  
h i e  f o r  them  a r e  i n  a  m a g n e t i c a l l y  e q u i v a l e n t  e n v i r o n =  
m e n t .  A l t h o u g h  no  c o u p l i n g  c o n s t a n t s  c o u l d  be  d e t e c t e d ,  
t h e  h i g h  sy m m etry  o f  t h e  w h o le  s p e c t r u m  c l e a r l y  s u g g e s t s  
two p o s s i b i l i t i e s  o n l y ,  f o r  t h e  c o n f i g u r a t i o n  and  con=  
f o r m a t i o n  o f  t h e  a d d u c t ,  i . e .  (LXXXIV-a) s i m i l a r  t o  t h a t  
o f  t h e  n a p h t h a l e n e - « . - t e t r a c h l o r i d e , o r  (LXXXIV-b) s i =  
m i l a r  t o  t h a t  o f  t h e  n a p h t h a l e n e  ^ - i s o m e :^ * ^  .
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(LXXXIV-b)
B u t ,  o n l y  one s u c h  s t r u c t u r e s  -  t h e  f i r s t  one -  
se em s  t o  be i n  r e a s o n a b l e  a g r e e m e n t  w i t h  t h e  low  v a l u e  
( T  = 5 . 0 9 ) d e t e c t e d  f o r  t h e  c h e m i c a l  s h i f t  o f  t h e  two 
c e n t r a l  p r o t o n s  H (2 )  an d  H ( 3 ) :  t h i s  r e s u l t  r e v e a l s  t h e
( x ) A n o t h e r  p o s s i b i l i t y  i m p l i e s  a n  e p s i l o n - l i k e  c o n f o r =  
n a t i o n  (XXIV, s e e  p a r a g r a p h  6 . 3 ) ,  whose  sym m etry  
a r i s e s  by  f l i p p i n g  o f  t h e  a l i c y c l i c  p a r t  o f  t h e  mo= 
l e c u l e  o f  ( L X I ) .  The a l t e r n a t i v e , h o w e v e r , s e e m s  r a t h e r  
i m p r o b a b l e ,  b e c a u s e  t h i s  a d d u c t  was  o b t a i n e d  u n d e r  
c o n d i t i o n s  d i f f e r e n t  t h a n  t h o s e  c o n d u c i v e  t o  t h e  
n a p h t h a l e n e - & - t e t r a c h l o r i d e , w h i c h  h a s  b e e n  so  f a r  
i s o l a t e d  o n l y  w hen c h l o r i n a t i o n  o c c u r r e d  by  a n  
h e m o l y t i c  p r o c e s s .
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d e s h i e l d i n g  i n f l u e n c e  o f  t h e  o u t e r  c h l o r i n e  a t o m s ,  w h ic h  
c a n  be e f f e c t i v e  o n l y  i f  t h e y  a r e  p s e u d o - a x i a l l y  d i s p o s e d  
i n  r e s p e c t  t o  t h e  n e c e s s a r i l y  a x i a l  p o s i t i o n  f o r  b o t h  
h y d r o g e n  a t o m s .  As f a r  a s  t h e  v a l i d i t y  o f  t h e s e  d e d u c t i o n s  
i s  c o n c e r n e d ,  t h e  a l t e r n a t i v e  (LXXXIV-b) d o e s  n o t  a c c o r d  
w i t h  e x p e r i m e n t .
1 6 . 6  ADLUGTS PROM 2-METHYLNAPHTHALEKE.
O nly  s m a l l  am o u n ts  o f  p o l y c h l o r i d e s  ( 1 5 ^ )  and  a c e =  
t o x y c h l o r i d e  ( 1 0 ^ )  a r e  fo rm e d  by  t h e  c h l o r i n a t i o n  o f  
t h i s  h y d r o v a r b o n  i n  a c e t i c  a c i d . .
E l e c t r o p h i l i c  a t t a c k  i s  h e r e  known t o  be p re d o m i=  
n a n t l y  i n i t i a t e d  a t  t h e  1 - p o s i t i o n ,  w h i c h  i s  a c t i v a t e d  
by  t h e  a h n e l a t e d  r i n g  an d  b y  t h e  m e t h y l  g r o u p ;  p e r h a p s  
t h e  f a c t  t h a t  t h e  p r o p o r t i o n s  o f  a d d i t i o n  a r e  s m a l l e r  
w i t h  t h i s  compound t h a n  w i t h  n a p h t h a l e n e  ( s e e  R e f .  22 
an d  S a b l e  l )  a r i s e s  b e c a u s e  t h e  f o r m a t i o n  o f  a  l , 2 - a d =  
d u c t  i n v o l v e s  a t t a c k  on a  r a t h e r  c o n g e s t e d  p o s i t i o n  i n  
t h e  i n t e r m e d i a t e  c a r b o n i u m  i o n  (LXXXV). S u ch  a d d u c t s  a s  
a r e  f o r m e d ,  h o w e v e r ,  a r e  r e l a t i v e l y  s t a b l e ,  and  a r e  
e a s i l y  i s o l a t e d  b y  c h r o m a t o g r a p h y ;  t h e  i s o l a t e d  p r o d u c t s  
h a v e  b e e n  shown b y  p . m . r .  s p e c t r o s c o p y  t o  r e p r e s e n t  t h e  
b u l k  o f  t h e  a d d u c t s .
(LXXXV)
H C l
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183
( a ) The t e t r a c h l o r i d e  ( L l ) ,  m .p ,  9 9 -9 9 .5 ®  i s  t h e  m o s t  
e a s i l y  i s o l a t e d  a d d u c t  on  t h i s  s e r i e s ;  i t  r e a c t s  w i t h  
s o d iu m  me t h o x i d e  i n  a  m a n n e r  w h i c h  i s  k i n e t i c a l l y  com= 
p l i c a t e d ,  and  v /h ic h  i t  i s  h o p e d  l a t e r  t o  c l a r i f y  f u r t h e r .  
F o r  t h e  p r e s e n t  d i s c u s s i o n ,  i t  i s  s u f f i c i e n t  t o  n o t e  
t h a t  t h e  r a t e  o f  s e c o n d  o r d e r  e l i m i n a t i o n  i s  s lo w  ( a s  
r e p o r t e d  on T a b l e  6 ,  , f o r  t h e  f i r s t  s t a g e  o f  t h e
d e h y d r o c h l o r i n a t i o n  i n  80j^methanol-20?^ a c e t o n e  a t  25®,
""1 “*1 230 . 3  1 m ole  m in  ; c f . ,  n a p h t h a l e n e - j / ^ t e t r a c h l o r i d e  ,
-1 -1 Nk ^  = 0 . 1 5  1 m ole  m in  ) .  The s e c o n d  s t a g e  i s  e v e n  
s l o w e r .  The c o u r s e  o f  s u c h  d e h y d r o c h l o r i n a t i o n  p r o c e s s  
c a n  be b e t t e r  a p p r e c i a t e d  f r o m  t h e  F i g u r e  on  p .  1 3 2 .
Me Me
0 1
0101
01
H
(LXXXVI-a)
C l
Me
0101
■01
H
(LXXXVI-c)
01
01
01
01
H
(LXXXVI-b)
01
Me
01.
01
01
H
(LXXXVI-d)
The p . m . r .  s p e c t r u m  ( T a b l e  1 7 )  show s t h a t  t h e
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3 , 4 - h y d r o g e n  a to m s  a r e  r e s p e c t i v e l y  a x i a l l y  and  p s e u d o -
a x i a l  l y  d i s p o s e d  ( J ^  ^ = 8 . 4  c p s ) .  F o u r  c o n f i g u r a t i o n s
a r e  c o n s i s t e n t  w i t h  t h i s  a r r a n g e m e n t  (LXXXVI a - d ) ;  o f
t h e s e ,  (LXXX\ri-d) c a n  be e x c l u d e d ,  b e c a u s e  i t  w o u ld  un=
d e r g o  v e r y  r a p i d  a l k a l i n e  d e h y d r o c h l o r i n a t i o n .  S t r u c t u r e
(LXXXVI-c) c a n  a l s o  be a r g u e d  t o  be i m p r o b a b l e ;  e l i m i n a =
t i o n  o f  3 - a - H ,  2 - a - G l  s h o u l d  be p r o m o te d  by  t h e  h y p e r -
32c o n j u g a t i v e  e f f e c t  o f  t h e  2 - m e t h y l  g r o u p  , and  so  t h i s  
i s o m e r  s h o u l d  u n d e r g o  d e h y d r o c h l o r i n a t i o n  a t  a  r a t e  
c o n s i d e r a b l y  g r e a t e r  t h a n  t h a t  f o u n d  f o r  n a p h t h a l e n e -  
6 - t e t r a c h l o r i d e  ( T a b l e  9 :  k^  = 0 . 2 3  1 mole""^ m i n ~ ^ ) .
The f o r m a t i o n  o f  1 , 4 - d i c h l o r o - 2 - m e t h y l n a p h t h a l e n e  (LIV) 
b y  a l k a l i n e  d e h y d r o c h l o r i n a t i o n  vv^ould a l s o  be  d i f f i c u l t  
t o  i n t e r p r e t  on t h e  b a s i s  o f  s t r u c t u r e  (LXXXVI-c); naph=  
t h a l e n e - £  - t e t r a c h l o r i d e  g i v e s  no  1 , 4 - d i c h l o r o n a p h t h a l e n e  
i n  t h ^  r e a c t i o n .
A c h o i c e  b e t w e e n  (LXXXVI-a) and  (LXXXVI-b) c a n  be 
made b y  c o m p a r i n g  l v a l u e s  f o r  t h e  p r o t o n s  w i t h  t h o s e  
f o r  p r o t o n s  i n  compounds o f  known s t r u c t u r e .  Thus t h e  
e x p e c t e d  - v a l u e  f o r  t h e  a x i a l  3 - h y d r o g e n  a to m  i f  t h e
1 - c h l o r i n e  w e re  p s e u d o - e q u a t o r i a l  i s  c a .  5 . 5  ( c f . ,  t h e
2 -  and  3 - h y d r o g e n  a to m s  i n  n a p h t h a l e n e - ^ t e t r a c h l o r i d e ,
5 . 4 2 ;  t h e  2 - h y d r o g e n  a to m  i n  n a p h t h a l e n e - S “- t e t r a -  
22c h l o r i d e ,'1?= 5 . 5 3  ) ;  w h e r e a s  i f  t h e  1 - c h l o r i n e  w e re
p s e u d o - a x i a l ,  i t  w o u ld  h a v e  V =  c a .  5 . 0  ( c f . ,  t h e  2 -
^ ^ E .D .H u g h e s  an d  G. K . I n g o l d , T r a n s . F a r a d a y  S o c . . 1 9 4 1 . 3 7 .  
657 an d  6 7 7 .
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a n d  3 - h y d r o g e n  a t o m s  i n  n a p h t h a l e n e - o < - t e t r a c h l o r i d e ,
4 . 9 3 ;  t h e  3 - h y d r o g e n  a t o m  i n  n a p h t h a l e n e - S - t e t r a -
22c h l o r i d e , TT = 5 . 0 8  ) .  The o b s e r v e d  v a l u e , 4 . 8 3 ,
e s t a b l i s h e s  t o  a  h i g h  d e g r e e  o f  p r o b a b i l i t y  t h a t  t h e  
1 - c h l o r i n e  a t o m  i s  p s e u d o - a x i a l ,  a s  i n  (LX X X V I-a) .
(B )  The c r y s t a l l i n e  a c e t o x y t r i c h l o r i d e  ( L I l ) ,  m . p . 130®, 
f r o m  2-me t h y l n a p h t h a l e n e  h a s _ ; ^ l s o  t h e  3 , 4 - h y d r o g e n  
a t o m s  r e s p e c t i v e l y  a x i a l l y  an d  p s e u d o - a x i a l l y  d i s p o s e d ,  
a s  t h e  c o r r e s p o n d i n g  c l e a r l y  i n d i c a t e s  ( s e e  T a b l e
1 7 ) .  I t s  a l k a l i n e  h y d r o l y s i s  g a v e  a  s i n g l e  d e r i v a t i v e ,  
t h e  1 - c h l o r o - 2 - m e t h y l n a p h t h - 4 - o l  ( L V I I I ) ;  t h e  a c e t o x y  
g r o u p  i s  show n b y  t h i s  r e s u l t  t o  be  i n  t h e  4 - p o s i t i o n ,  
a n d  t h i s  i s  c o n f i r m e d  b y  i t s  p . m . r .  s p e c t r u m ;  t h i s  i n =  
d i c a t e s  t h a t  t h e  m o s t  s t r o n g l y  d e s h i e l d e d  h y d r o g e n  
a t o m  ( ^ =  3 . 6 3 )  i s  o n l y  c o u p l e d  t o  one o t h e r  h y d r o g e n  
a t o m  a n d  m u s t  t h e r e f o r e  b e  i n  t h e  4 - p o s i t i o n ,  t o  w h i c h  
t h e  e l e c t r o n - w i t h d r a w i n g  a c e t o x y l  g r o u p  m u s t  a l s o  be  
a t t a c h e d .
F rom  t h e  k i n e t i c  p o i n t  o f  v i e w ,  t h e  a d d u c t  i s  
r e l a t i v e l y  u n r e a c t i v e  w i t h  a l k a l i ,  l i k e  t h e  t e t r a c h l o r i =  
de  ( LXXXVI) ;  t h e  i n i t i a l  s t a g e  o f  a l k a l i n e  d e h y d r o ­
c h l o r i n a t i o n ,  m e a s u r e d  u n d e r  t h e  s t a n d a r d  c o n d i t i o n s
adÇÎQ/ted f o r  o t h e r  c o m p o u n d s ,  i n  80^  m e t h a n o l - a c e t o n e
-1 -1
a t  25®, w as  f o u n d  t o  be  k ^  = 0 . 1 1  1 m o le  m in  ; t h e  
d i f f e r e n c e  b e t w e e n  i t s  b e h a v o u r  a n d  t h a t  o f  t h e  c o r =
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r e s p o n d i n g  t e t r a c h l o r i d e  i n  t h e  s e c o n d  s t a g e  o f  d e h y d r o ­
c h l o r i n a t i o n  i s  no d o u h t  i n  p a r t  t h e  r e s u l t  o f  t h e  a l =  
t e r n a t i v ^ o d e  o f  h y d r o l y s i s  op en  t o  i t  ( T a b l e  4 ) .  The 
' K - v a l u e s  o f  t h e  1 -  and  3 - h y d r o g e n  a t o m s »  a r e  4 . 5 6  and  
4 . 9 7  r e s p e c t i v e l y ,  v e r y  s i m i l a r  t o  t h o s e  o f  t h e  t e t r a ­
c h l o r i d e  (LXXXVI).
F o r  a l l  t h e  a c c u m u l a t e d  e v i d e n c e ,  t h e r e f o r e ,  t h e  
s t e r e o c h e m i s t r y  o f  ( L I l )  i s  a n a l o g o u s ,  an d  i t s  s t r u c t u r e
i s  v e r y  l i k e l y  t o  be  (LXXXVIl) ; i t  i s  a l s o  s i m i l a r  t o
22t h a t  o f  t h e  n a p h t h a l e n e  a c e t o x y t r i c h l o r i d e  , a s  f a r  a s  
t h e  s p a t i a l  d i s t r i b u t i o n  o f  c h l o r i n e  a to m e  i s  c o n c e r n e d •
Me
C l
C l GAc
C l
H
(LXXXVIl)
(C) The c o u p l i n g  c o n s t a n t ,  J ,  . , f o r  t h i s  a c e t o x y t r i -J , 4
c h l o r i d e  ( 8 . 6  c p s )  i s  s i m i l a r  t o  t h a t  ( 7 . 8  c p s )  o f  t h e
3 , 4 - d i h y d r o n a p h t h a l e n e  ( L V I l ) ,  p r o d u c e d  b y  i t s  h y d r o =  
l y s i s .  The s t e r e o c h e m i s t r y  o f  t h e  l a t t e r  i s , t h e r e f o r e , 
s i m i l a r  t o  t h a t  o f  t h e  p a r e n t  compound, a n d  h a s  t h e  
h y d r o g e n  a to m s  H (3 )  and  H (4 )  r e s p e c t i v e l y  a x i a l l y  and  
p s e u d o - a x i a l l y  d i s p o s e d  ( L X O Y I I l ) .  I t  i s  r e a s o n a b l e  
t h a t  t h e  l a s t  s t a g e  o f  t h i s  h y d r o l y s i s  m i g h t  i n v o l v e  
r e t e n t i o n  o f  c o n f i g u r a t i o n ,  b e c a u s e  o f  t h e  a d j a c e n t  k
h y d r o x y  g r o u p .
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H (o r  OMe )
C l
Me
OMe ( o r  OH)
(LXXXYIII)
Me
C l OH
C l
H
(LXXXIX)
(D) The p . m . r .  s p e c t r u m  o f  t h e  h y d r o x y t r i c h l o r i d e  ( L V I l ) ,  
m . p .  1 2 4 . 5 - 1 2 5 i s  g e n e r a l l y  s i m i l a r  t o  t h a t  o f  a c e t o x y -  
t r i c h l o r i d e ,  an d  s o ,  a s  e x p e c t e d ,  i t  p r o b a b l y  h a s  s i m i l a r  
s t e r e o c h e m i s t r y ,  (LXXXIX).
F o r  a  11 t h e  a d d u c t s  f r o m  2-me t h y l n a p h t h a l e n e  so  
f a r  e n c o u n t e r e d ,  a  u n i q u e  c o n f o r m a t i o n ,  (XC) , c a n  be 
w r i t t e n ,  w h ic h  seem s t o  be p r e f e r r e d :
Me
C l
C l
(XC)
w h e r e  X = C l ,  GAc, an d  OH r e s p e c t i v e l y .
The r e l a t i v e  r a t e s  an d  t h e  n a t u r e  o f  t h e  p r o d u c t s  
o f  a l k a l i n e  d e h y d r o c h l o r i n a t i o n  a g r e e  q u a n t i t a t i v e l y
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w i t h  w h a t  v /ou ld  he  e x p e c t e d  f ro m  t h e  c o n f i g u r a t i o n  o f  
t h e  i n d i v i d u a l  co m p o u n d s .  A l l  t h e  a d d u c t s  (LXXZV'l), 
(LXXXVIl) ,  and  (LXXXIX) h a v e  o n l y  one h y d r o g e n  an d  one 
c h l o r i à e  a to m s  c o n f i g u r a t i o n a l l y  t r a n s  t o  e a c h  o t h e r ,  
h u t  t h e y  a r e  h o t h  p s e u d o - e q u a t o r i a l l y  o r  e q . u a t o r i a l l y  
d i s p o s e d  on t h e  1 - a n d  2 - c a r h o n  a to m s  r e s p e c t i v e l y ;  t h e r e  
a r e  no h y d r o g e n  and  c h l o r i n e  a to m s  t r a n s  t o  e a c h  o t h e r  
on t h e  a d j a c e n t  3 -  and  4 - c a r h o n  a to m s  e i t h e r ,  n o r  s u c h  
a  p o s s i b i l i t y  e x i s t s  o f  r a p i d  h y d r o g e n  c h l o r i d e  e l i m i =  
n a t i o n  f r o m  t h e  2 -  and  3 - p o s i t i o n s . I n  c o n s e q u e n c e , a l l  
o f  them  c a n  u n d e r g o  o n l y  s lo w  d e h y d r o c h l o r i n a t i o n ,  and  
t h e  s e c o n d  s t a g e  o f  t h e  r e a c t i o n  i s  n e c e s s a r i l y  s l o w e r ^  
F u r t h e r m o r e ,  t h e  f a c t  t h a t  t h e  f i n a l  h y d r o l y s i s  p r o d u c t  
i s  t h e  l , 4 - d i c h l o r o - 2 ~ m e t h y l n a p h t h a l e n e  (L I V ) o r  t h e  
l - c h l o r o - 2 - m e t h y l n a p h t h - 4 - o l  ( L V I I I ) , i m p l i e s  t h a t  t h e  
d e h y d r o c h l o r i n a t i o n  d o e s  n o t  i n v o l v e  t h e  e l i m i n a t i o n  
o f  2 - 0 1 ,  3 -H ; t h i s  c o u l d  g i v e  o n l y  a  v i c i n a l  l , 2 , 3 - t r i =  
s u b s t i t u t e d  com pound .  A r o u t e  t o  t h e  f o u n d  l , 4 - d e r i v a =  
t i v e s  o f  2 - m e t h y l n a p h t h a l e n e  c a n ,  h o w e v e r ,  he  p o s t u l a t e d  
hy  way o f  ( e ' - 1 - H ,  e - 2 - C l )  and  ( a * - 4 - H ,  e - 3 - C l )  e l i m i =  
n a t i o n s  f ro m  t h e  c o n f o r m a t i o n  (XC) ,  v i a  t h e  i n t e r m e d i a t e
l - c h l o r o - 2 - m e t h y l  d i c h l o r i d e  ( X C - h i s ) ,  one o f  whose 
p o s s i b l e  d e r i v a t i v e s ,  ( L V I I ; LXXXVIII) ,  h a s  b e e n  i s o l a t e d  
( s e e  T a b l e  4 ) .
(XC) — I (LIV) o r  ( L V I I I )-HCl
( X C - b i s ) :  X = - 0 1 , -OH
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A f u r t h e r  d e d u c t i o n  c a n  he  m ade:  s i n c e  a n  i n t e r m e =
d i a t e  (L V I I )  o f  p a r t i a l  h y d r o l y s i s  n e c e s s a r i l y  comes
t h r o u g h  a  l e s s  f a v o u r e d  f i r s t  s t a g e  o f  t h e  w h o le  e l i m i =
n a t i o n  p a t h w a y ,  i t  f o l l o w s  t h a t  d e h y d r o c h l o r i n a t i o n
i n v o l v i n g  l o s s  o f  t h e  1 - h y d r o g e n  a to m  i s  a n t e c e d e n t  and
p r e f e r r e d  i n  r e s p e c t  t o  t h e  c o r r e s p o n d i n g  r e a c t i o n
i n v o l v i n g  l o s s  o f  t h e  a x i a l  4 - h y d r o g e n  a t o m .  As p o i n t e d
23
o u t  f o r  t h e  n a p h t h a l e n e - t x .  - t e t r a c h l o r i d e  , i t  seem s 
u n l i k e l y  t h a t  t h i s  p r e f e r e n c e  i s  i n d u c t i v e l y  d e t e r m i n e d ;  
t h e  a d j a c e n t  >CHC1 g r o u p  v /ould  he e x p e c t e d  t o  he  more 
e l e c t r o n - w i t h d r a w i n g  t h a n  t h e  >CGlMe g r o u p  ( i n d u e n e e  
o f  a r y l  g r o u p  i s  i d e n t i c a l ) ;  i n s t e a d , s t e r e o e l e c t r o n i c  
f e a t u r e s  m u s t  he  o f  some i m p o r t a n c e .
The p r o p o s e d  e l i m i n a t i o n  r o u t e  i s  s u g g e s t e d  hy  t h e  
p r o d u c t s  f o r m e d ;  t h e y  a l s o  e x c l u d e  t h e i g f o s s i h i l i t y  o f  a n  
a l t e r n a t i v e  r o u t e  f r o m  a  l e s s  s t a b l e  c o n f o r m a t i o n ,  
( X C -a ) ,  o f  t h e  t e t r a c h l o r i d e s  u n d e r  e x a m i n a t i o n ,  v i a  
t h e  d i c h l o r i d e  ( X C - t e r ) .
C l
X ( a : )(eOCl
Me
( XC—a )
( : )  -H C l
X = - C l ,  -OH
( X C - t e r )
i
(LIV) o r  ( L V I I I )
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1 6 . 7  ADDUCTS FROM l-CHLORO-2-METHYLRAPHTHALEÎŒ.
The l - c h l o r o - 2 - m e t h y l n a p h t h a l e n e  t e t r a c h l o r i d e  
(L I X ) ,  m . p .  1 5 3 ^ ,  p r e v i o u s l y  p r e p a r e d  hy  S c h e r l e r ^ ,  
was  known t o  c o n t a i n  a l l  i t s  c h l o r i n e  a to m s  w i t h i n  
one r i n g ,  sAnce o x i d a t i o n  hy  n i t r i c  a c i d  g av e  p h t h a l i c  
a c i d ,  an d  r e a c t i o n  w i t h  a l k a l i  g av e  2 - m e t h y l - l , 3 , 4 -  
t r i c h l o r o n a p h t h a l e n e  ( L X ) .
I t  c a n  he  o b t a i n e d  h y  c h l o r i n a t i o n  e i t h e r  o f  2 -  
m e t h y l n a p h t h a l e n e  o r  o f  l - c h l o r o - 2 - m e t h y l n a p h t h a l e n e ,  
an d  i t s  p . m . r .  s p e c t r u m  shows t h e  p r e s e n c e  o f  two 
a l i p h a t i c  h y d r o g e n  a to m s  w i t h  a  c o u p l i n g  c o n s t a n t  o f
5 . 8  c p s  ( T a h l e  1 ? ) .  T h i s  i n t e r m e d i a t e  v a l u e  i m p l i e s ,  
hy  a n a l o g y  w i t h  t h e  p . m . r .  s p e c t r a  o f  t h e  n a p h t h a l e n e  
t e t r a c h l o r i d e s ,  t h a t  t h e  s t r u c t u r e  i s  t h a t  o f  a n  e q u i =  
l i h r i u m  m i x t u r e  o f  two r a p i d l y  i n t e r c o n v e r t i n g  c o n f o r = 
m a t i o n s ,  w i t h  t h e  3 -  and  4 - h y d r o g e n  a to m s  t r a n s  t o  
e a c h  o t h e r .  T h i s  a l l o w s  o f  e i t h e r  o f  t h e  p o s s i b i l i t i e s  
(% C I-a )  q = ± ( X O I - b )  o r  ( X C I I - a )  ^ ± (X C I I - -b  ) .
C l
Cl.
C lC l
C l
H
C l
C l
C lC l
Cl
Me
(X C I - a )  (X C I-1 )
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Me
C l
Cl
C l
( X C I I - a )
C l
C l
C l C l
S I
(XCII-Td)
A l k a l i n e  h y d r o l y s i s  p r o v e d  h e r e  t o  be o f  c o n s i d e =  
r a b l e  h e l p  i n  d e f i n y i a g  t h e  c o r r e c t  s t r u c t u r e  f o r  t h i s  
a d d u c t .  The f i r s t  s t a g e  o f  i t s  d e h y d r o c h l o r i n a t i o n  
c a n n o t  i n v o l v e  a  s i d e - c h a i n  h y d r o g e n  ( o t h e r w i s e  t h e  
p r o d u c t  o f  h y d r o l y s i s  w o u ld  be s u b s t i t u t e d  i n  t h e  s i d e -  
c h a i n ) .  F u r t h e r m o r e , i t  c a n n o t  i n v o l v e  r e m o v a l  o f  
( 3 -H ,  4 - G l )  o r  o f  ( 4 -H ,  3 - C l ) ,  o t h e r w i s e  a  3 , 4 - d i c h l o r o -  
s u b s t i t u t e d  2 - m e t h y l n a p h t h a l e n e  c o u l d  n o t  be f o r m e d .
I t  i s  m o s t  l i k e l y ,  t h e r e f o r e ,  t h a t  i t  u n d e r g o e s  d i a x i a l  
e l i m i n a t i o n  o f  (3 -H ,  3 - 0 1  ) ,  t h i s  r e a c t i o n  b e i n g  f o l l o v / e d  
b y  1 , 4 - e l i m i n a t i o n  w h i c h  now r e s t o r e s  t h e  a r o m a t i c  r e s o =  
n a n c e ,  t h u s  :
(XCI)
o r  -----------
( X C I I )  “ HCl
H Cl
-HCl
(LX)
T h a t  t h i s  w o u ld  be s lo w  r e l a t i v e  t o  t h e  t r a n s - ( 1 - H . 2 - C l ) -  
o r  - ( 2 - H , 1 - 0 1 ) - d e h y d r o c h l o r i n a t i o n  o f  some o t h e r  i s o m e r s
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s o  f a r  e n c o u n t e r e d  i s  e x p e c t e d ,  s i n c e  t h e  a r y l  g r o u p  
i s  n o t  c o n j u g a t e d  w i t h  t h e  d e v e l o p i n g  d o u b l e  bond  i n  
t h e  t r a n s i t i o n  s t a t e  f o r  t h e  r e a c t i o n .
The m o s t  p r o b a b l e  s t r u c t u r e ,  t h e r e f o r e ,  i s  ( X C l ) .
I t  i s  w o r t h  r e p o r t i n g  h e r e  t h a t  de l a  Mare and  
Suzuky^"^, b y  u s i n g  a n  e x c e s s  o f  s u l p h u r y  1 c h l o r i d e  a s  
e l e c t r o p h i l i c  a ^ n t  i n  t h e  c h l o r i n a t i o n  o f  1 - c h l o r o -
2- m e t h y I n a p h t h a l e ne ( o r  2 - m e t h y l n a p h t h a l e n e ) ,  i s o l a t e d  
a n o t h e r  p e n t a c h l o r i d e , a p a r t  f r o m  t h a t  p r e v i o u s l y  de& 
s c r i b e d .  I n  t h i s  s e c o n d  c h l o r o - t e t r a c h l o r i d e , m . p . 1 3 7 - 8 ^ ,  
t h e  c h l o r i n e  a to m s  m u s t  h a v e  a d d e d  t o  t h e  u n s u b s t i t u t e d  
r i n g ,  and  was i d e n t i f i e d  a s  2 - m e t h y 1 - 1 , 5 , 6 , 7 , 8 - t e t r a -  
h y d r o n a p h t h a l e n e  ( X C I I l ) ;  t h e  v a l u e  o f  „ ( =  8 . 0  c p s )
D , /
m akes  i t  p r o b a b l e  t h a t  t h i s  t e t r a c h l o r i d e  e x i s t s  i n  so= 
l u t i o n  a s  a n  e q u i l i b r i u m  m i x t u r e  o f  t h e  two c o n f o r m e r s  
( ï C I I I - a )  an d  ( X C I I I - b ) .
H C l
C l
01
■01
( X C I I I - a )
0101<
01
01
(X C II I - -b )
de l a  Mare an d  H . S n z n k i , J « C h e m .S o c . ÇO) . 1 9 6 7 , 
i n  p r e s s .
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1 6 . 8  ADDITION PRODUCTS PROM HALOGENO-SUBSTITUTED 
NAPHTHALEIŒS.
( a ) 1 - C h l o r o -  an d  1 - B r o m o n a p h t h a l e n e  t e t r a c h l o r i d e s .
P ; m . r .  s p e c t r o s c o p y  ( T a b l e  1 8 )  e n a b l e s  t o  e s t a b l i s h
t h e  s t e r e o c h e m i s t r y  o f  1 - c h l o r o n a p h t h a l e n e  t e t r a c h l o r i =
de ( L X I l l ) ,  a s  shown i n  (XGIV). B o th  a n d  m u s t  be
a x i a l ,  s i n c e  t h e  c o u p l i n g  c o n s t a n t ,  J  , i s  s o  l a r g e
(12  c p s ) .  C o n s e q u e n t l y ,  s i n c e  J  i s  3 . 8  c p s ,  t h e  o t h e r
J j 4
h y d r o g e n  a tom  m u s t  be i n  t h e  p s e u d o - e q u a t o r i a l  c o n f o r =  
m a t i o n .
1 - B r o m o n a p h t h a l e n e  t e t r a c h l o r i d e  (LXVI),  m u s t  be  
s i m i l a r  ( J  = 1 1 . 4  c p s ;  J  = 3 . 5  c p s ) ;  t h e  s t e r e o =
^ J J  1 ) 4
c h e m i s t r y  a b o u t  t h e  1 - p o s i t i o n  i s  n o t  c e r t a i n ,  (XCV).
H H
Cl
C l C l
C l
C l
H
0 1
Cl
C l
H
(XCIV) (XCV)
(B) When t h e  n a p h t h a l e n e  n u c l e u s  c o n t a i n s  a  s u f f i c i e n =  
t h y  d e a c t i v a t i n g  g r o u p ,  c h l o r i n e  a d d s  e a s i l y  on t h e  un= 
s u b s t i t u t e d  r i n g .  T h i s  i s  t h e  c a s e  f o r  t h e  1 -  and  1 , 4 -  
h a l o g e n o  n a p h t h a l e n e s ,  f r o m  w h i c h  t h e  1 , 2 , 3 , 4 , 5 , 8 - h e x a -  
c h l o r o - 1 , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e n e  ( LXIV) ,  t h e  8 - b ro m o -  
1 , 2 , 3 , 4 , 5 - p e  n t a c h l o r 0 - 1 , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e n e
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( L X V I l ) ,  and  t h e  1 , 2 , 3 , 4 , 5 - p e n t a c h l o r o - l , 2 , 3 , 4 - t e t r a -  
h y d r o n a p h t h a l e n e  ( L X V I I l ) ,  a r e  o b t a i n e d .  T h e i r  s t r u c =  
t u r e  c a n  be g e n e r a l l y  i n d i c a t e d  a s :
H C l
C l
H 0 1
(XCVI)
w h e r e :  X = Y = C l  , f o r  (LXIV);
X = B r ,  an d  Y = C l  , f o r  (L X V I l ) ;
X = H, an d  Y = C l  , f o r  ( I X V I I l ) .
The tv\'o p o s s i b l e  c o n f o r m a t i o n s  f o r  t h e  a d d u c t  
(LXIV) a r e  (X C V II -a )  an d  ( X C V I I - b ) .
H
Cl
C l
C l
C l
H
a n d / o r
C l
(X C V II -a )  (X C V II -b )
B o t h  t h e s e  f o r m s ,  o r  a  m i x t u r e  o f  t h e  tw o ,  s h o u l d  h a v e  
a n  AgEg p . m . r .  s p e c t r u m ,  w i t h  b o t h  p a i r s  o f  p r o t o n s  
H ( l ) , H ( 4 )  and  H ( 2 ) , H ( 3 )  h a v i n g  m a g n e t i c a l l y  e q u i v a l e n t  
e n v i r o n m e n t s .  The e x p e r i m e n t a l  s p e c t r u m  c o n s i s t s  o f  
t h r e e  s e p a r a t e  s i g n a l s  w i t h  c h e m i c a l  s h i f t s  and  r e l a t i v e  
p e a k  i n t e n s i t i e s  a s  i n d i c a t e d  i n  T a b l e  1 8 .
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P r o t o n s  H( 2 ) and  H (3 )  w o u ld  be  e x p e c t e d  t o  a p p e a r  down= 
f i e l d  f r o m  H ( l ) , H ( 4 )  ow ing  t o  t h e  d e s h i e l d i n g  e f f e c t  by  
t h e  a d j a c e n t  a s  w e l l  a s  by  t h e  two n e a r - n e i g h b o u r  h a l o g e n  
a t o m s ;  p r o t o n s  H ( l )  and  H ( 4 ) ,  on  t h e  o t h e r  h a n d ,  a r e  e a c h  
i n  a  d e s h B l d i n g  e n v i r o n m e n t  o f  one a d j a c e n t  c h l o r i n e ,  one 
n e a r - n e i g h b o u r  c h l o r i n e ,  and  t h e  a r o m a t i c  r i n g .  The mag= 
n i t u d e  i f  t h e  l a t t e r  e f f e c t  d e p e n d s  on  t h e  p o s i t i o n  o f  
H ( l )  and  H (4 )  r e l a t i v e  t o  t h e  c e n t r e  o f  t h e  b e n z e n e  r i n g ^ ?
I t  i s  known t h a t  a  c h o i c e  b e t w e e n  t h e  two p r o p o s e d
c o n f i g u r a t i o n s  c o u l d  o n l y  be made i f  t h e  p o s s i b i l i t y
e x i s t e d  o f  d e t e c t i n g  t h e  m a g n i t u d e s  f o r  a l l  o f  t h e  v i c i =
n a l  c o u p l i n g  c o n s t a n t s ;  i n  t h e  a d d u c t  (LXIV),  h o w e v e r ,
t h e  o n l y  a c c e s s i b l e  c o u p l i n g  c o n s t a n t s  a r e  J  and  J  ,
15 ^ 3 , 4
w hose  low v a l u e s  a r e  i n  a g r e e m e n t  w i t h  b o t h  s t r u c t u r e s ,  
i n  w h i c h  t h e  c h l o r i n e  a to m s  o c c u p y  e i t h e r  a ' e e a '  o r  
e *a a e  * p o s i t i o n s .  E x a m i n a t i o n  o f  t h e  m o d e l s  shows t h a t  
t h e  a n g l e  b e t w e e n  t h e  G (2 ) H (2 )  and  C ( 3 ) H ( 3 )  b o n d s  s h o u l d  
be  a b o u t  1 7 0 °  i n  ( X C V I I - a ) ,  and  a b o u t  4 5 °  i n  ( X C V II -b ) ;  
by  K a r p l u s *  r e l a t i o n s h i p ^ ^ ’ t h e  c o u p l i n g  c o n s t a n t s  
s h o u l d  be  l a r g e  i n  t h e  f i r s t  c a s e ,  and  a b o u t  4 c p s  i n  
t h e  s e c o n d ;  u n f o r t u n a t e l y ,  t h e  h i g h  d e g r e e  o f  sym m etry  
o f  t h e  compound p r e v e n t s  t h e  p o s s i b i l i t y  t o  o b t a i n  s u c h  
a n  e s s e n t i a l  i n f o r m a t i o n .  The same i s  t r u e  f o r  t h e  ana=  
l o g o u s  a d d u c t  (LXV^Il).
As a  c o n s e q u e n c e  o f  t h e s e  l i m i t a t i o n s ,  a  f u r t h e r
. M . J a c k m a n , l o c . c i t . , p p . 8 9 - 9 0 .
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c o n f o r m a t i o n  i s  t o  be  a l s o  t a k e n  i n t o  a c c o u n t ,  a s  a l r e a d y  
p o i n t e d  o u t  f o r  t h e  1 -m e t h y l - 4 - c h l o r o n a p h t h a l e n e  t e t r a ­
c h l o r i d e  (XXXIX, L X X V III ) :  s e e  d i s c u s s i o n  on p a r a g r a p h  
1 6 . 4  .
I n s t e a d ,  t h e  p a t t e r n  o f  c o u p l i n g  c o n s t a n t s  f o r  t h e  
p e n t a c h l o r i d e  ( L X V I I l ) ,  f u l l y  e s t a b l i s h e s  i t s  s t e r e o c h e =  
m i s t r y ,  a s  d e p i c t e d  i n  ( X C V I I l ) .  F i r s t ,  t h e  2 -  and  3 -  
h y d r o g e n  a to m s  m u s t  be a x i a l l y  d i s p o s e d ,  t o  g i v e  t h e  
l a r g e  e x p e r i m e n t a l  v a l u e  o b s e r v e d  i n  t h e  p . m . r .  s p e c t r u m ,  
^2 3 = 9 . 3  c p s ;  s e c o n d l y ,  t h e y  m u s t  be  c i s  t o  t h e  p s e u d o -  
e q u a t o r i a l  1 -  and  4 - h y d r o g e n  a t o m s ;  t h i r d l y ,  t h e  4 - h y d r o =  
g e n  a to m  w i t h  i t s  d o u b l e t  c e n t r e d  a t  l o w e r  v a l u e  i s  t h a t  
n e a r  t o  t h e  5 - c h l o r i n e  a t o m .
( L X 7 I I I )
I t  i s ,  p e r h a p s ,  w o th  n o t h i n g  t h a t  t h e r e  i s  some= 
t i m e s  a  m a rk ed  v a r i a t i o n  i n  t h e  c o u p l i n g  c o n s t a n t s  f o r  
t h e  t r a n s - d i a x i a l  h y d r o g e n  p a i r s  i n  t h e  s y s t e m s  so  f a r  
s t u d i e d .  F o r  t r a n s - 2 , 3 - h y d r o g e n  a to m s  i n  t h e  t e t r a h y d r o ­
n a p h t h a l e n e  s ,  t h e  m o s t  u s u a l  v a l u e  i s  c a .  11 c p s ,  when
t h e r e  i s  t h e  p o s s i b i l i t y  o f  d e t e c t i n g  i t ;  b u t  i n  n a p h t h a =
22l e n e - ^  - t e t r a c h l o r i d e  , t h i s  i s  r e d u c e d  t o  c a .  8 c p s ,  
w h i c h  i s  t h e  v a l u e  u s u a l l y  o b t a i n e d  f o r  t r a n s - 3 , 4 - h y d r o =
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g e n  a t o m s .  The d j h y d r o n a p h t h a l e n e  ( L V I l )  a l s o  h a s  a  
v a l u e  i n  t h i s  r e g i o n .  The a n g l e s  b e t w e e n  t h e  h y d r o g e n  
p a i r s  do n o t  seem  t o  be t h e  s o l e  f a c t o r  d e t e r m i n i n g  
t h e s e  c o u p l i n g  c o n s t a n t s ,  s i n c e  s c a l e  m o d e ls  show t h a t  
t h e  r e l e v a n t  d i h e d r a l  a n g l e  i n  ( L V I l )  i s  v e r y  n e a r l y  
180<), a s  i t  i s  f r o  t r a n s - 2 , 3 - h y d r o g e n  p a i r s  i n  t h e  t e =  
t r a h y d r o n a p h t h a l e n e .
C o n v e r s e l y ,  t h e  v i c i n a l  c o u p l i n g  c o n s t a n t  f o r  
h y d r o g e n  p a i r s  i n  c i s - p o s i t i o n  t o  e a c h  o t h e r  m a n t a i n s  
a  f a i r l y  c o n s t a n t  v a l u e  t h r o u g h o u t  a l l  t h e  r a n g e  o f  
o b s e r v e d  J  and  J  . I t  i s  a b o u t  3 . 5  c p s ,  c o r r e s p o n =  
d i n g  t o  a  d i h e d r a l  a n g l e  o f  more t h a n  45^*
Of t h e  s i x  d i f f e r e n t  s t e r e o c h e m i c a l  o r i e n t a t i o n s  
o f  c h l o r i n e  a to m s  i n  a  t e t r a e u b s t i t u t e d  t e t r a l i n  r i n g  
s y s t e m ,  a s  f o u n d  i n  m o s t  o f  t h e  a d d i t i o n  p r o d u c t s  
i s o l a t e d  d u r i n g  t h i s  s t u d y ,  one c l e  a r l y  p r e d o m i n a t e s ,  
i . e . ,  t h e  a l p h a - l i k e  f o r m ,  w h e re  c h l o r i n e  a to m s  a r e  i n  
w h a t  seem s t o  be t h e i r  m o s t  s t a b l e  s t e r e o c h e m i s t r y ,  
a * e e a *  :
C l
C l
C l
(XCIX)
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O nly  some 2 - m e t h y l n a p h t h a l e n e  d e r i v a t i v e s  a r e  
b e t t e r  c l a s s i f i e d  u n d e r  a  d e l t a - l i k e  g e o m e t r y  f o r  t  
t h e i r  s u b s t i t u e n t s  i n  t h e  a l i c y c l i c  r i n g :
C lC
01
( C )
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1 7 .  ROUTES TO THE ADDITION PRODUCTS.
A d d i t i o n  t o  t h e  n a p h t h a l e n e  n u c l e u s  i n i t i a t e d  by  
e l e c t r o p h i l i c  c h l o r i n e  m i g h t  be e x p e c t e d  t o  o c c u r  b o t h  
i n  t h e  c i s - a n d  t r a n s - s e n s e .
I n  g e n e r a l ,  t h e  l i t e r a t u r e  g i v e s  v e r y  l i t t l e  d e f i =  
n i t e  g u i d e  a s  t o  how s t e r e o c h e m i c a l  c o n t r o l  o f  a d d i t i o n  
c o u l d  be  a c h i e v e d ,  an d  v a r i u u s  s e q u e n c e s  a r e  a v a i l a b l e ,  
w h i c h  c o u l d  l e a d  t o  t h e  a d d i t i o n  p r o d u c t s  o f  d i f f e r e n t
s t e r e o c h e m i s t r y ,  so  f a r  i s o l a t e d .  I n  r e c e n t  i n v e s t i g a =
22
t i o n s  , f o r  e x a m p le ,  i t  h a s  b e e n  shown t h a t  t h e  m a j o r  
p r o d u c t  o f  c h l o r i n e  a d d i t i o n  i n  a c e t i c  a c i d ,  u n d e r  
h e t e r o l y t i c  c o n d i t i o n s ,  i s  t h e  n a p h t h a l e n e - c < - t e t r a ­
c h l o r i d e  ; i t s  s t r u c t u r e  (LV) s u g g e s t s  t h a t  i t  i s  p r o =  
d u c e d  by  a  c i s - 1 , 2 - a d d i t i o n  o f  a  c h l o r i n e  m o l e c u l e  t o  
n a p h t h a l e n e ,  f o l l o w e d  by  a  s e c o n d  c i s -3  $ 4 - a d d i t i o n  on 
t h e  o p p o s i t e  f a c e  o f  t h e  m o l e c u l a .  The o t h e r  t e t r a ­
c h l o r i d e s  o b t a i n e d  i n  l e s s e r  am o u n ts  u n d e r  t h e  same 
c o n d i t i o n s  a r e  t h e  d e l t a -  and  gamma- i s o m e r , ( L V I l )  and  
( L V I I I ) ,  f o r  w h i c h  a  num ber  o f  d i f f e r e n t  r o u t e s  a r e  
a v a i l a b l e  i n v o l v i n g  a  s u c c e s s i o n  o f  c i s -  and  t r a n s -  
a d d i t i o n s  ( T a b l e  2 2 ) .  T h i s  and  o t h e r  examples^"^ con= 
f i r m  t h e  p o s s i b i l i t y  t h a t  h e t e r o l y t i c  p o l a r  a d d i t i o n s  
o f  c h l o r i n e  c o u l d  p r o c e e d  i n  t h e  c i s - s e n s e  more com= 
m o n ly  t h a t  h a d  b e e n  s u p p o s e d .
. J . G r i s t o i , E . R . S t e r m i t z , and  P .8 .R a m e y , J .A m e r .O h e m .  
S o c . , 1 9 5 6 , 7 8 , 4 9 3 9 .
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TABLE 2 2 .  R o u t e s  t o  t h e  n a p h t h a l e n e  t e t r a c h l o r i d e s ,  
u n d e r  h e t e r o l y t i c  c o n d i t i o n s
+ C l ^ ; -  o r
( tw o  s t e p s )0 1  ( c i s )
0
C l  H
0 1  ( c i s )C ] _ ( t r a n s )
02 ( t r a n s  
H
^ ^ ( d e l t a ) (ep^Jm )P
n n t  det.e.c.te-d
H 01 
( a l p h a )
0 1  ( c i s ) OI2
( t r a n s )
H 01 
( gamma )
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I n s t e a d ,  h o m o l y t i c  a d d i t i o n  l e a d s  p r e p o n d e r a n t l y
t o  t h e  f o r m a t i o n  o f  t h e  gamma-  an d  e p s i l o n - i s o m e r . ( L V I )
an d  ( L V I I I ) ,  w h i c h  c o u l d  he  p r o d u c e d  by  two s u c c e s s i v e
t r a n s - a d d i t i o n s . T h i s  r e s u l t  s c c o r d s  q u a l i t a t i v e l y  v â t h
35t h a t  e s t a b l i s h e d  f o r  p h e n a n t h r e n e  , w h e re  h o m o l y t i c  
c o n d i t i o n s  s u r p r i s i n g l y  f a v o u r  t h e  f o r m a t i o n  o f  t h e  
t r a n s - d i c h l o r i d e .
T h e r e  h a s  b e e n  s o  f a r  no s y s t e m a t i c  i n v e s t i g a t i o n  
on  o t h e r  d e r i v a t i v e s  o f  n a p h t h a l e n e s .  A c c o r d i n g l y  t h e  
i n v e s t i g a t i o n  h a s  b e e n  e x t e n d e d ,  w h e n e v e r  p o s s i b l e ,  t o  
t h e i r  modes o f  f o r m a t i o n .
1 7 . 1  PRODUCTS PROM THE CHLORINATION OP 1-METHYL- 
NAPHTHALENE WITH CHLORINE IN ACETIC ACID.
The p r o p e r t i e s  o f  t h e  m i x t u r e  f o rm e d  b y  c h l o r i n a =  
t i o n  o f  1 - M e t h y I n a p h t h a l e ne w i t h  one m o l e c u l a r  p r o p o r =  
t i o n  o f  c h l o r i n e  i n  a c e t c i  a c i d  ( i . e . ,  w i t h  a  d e f i c i e n c y  
o f  c h l o r i n e ,  s i n c e  a  s u b s t a n t i a l  p r o p o r t i o n  i s  u s e d  u p  
t o  f o r m  p o l y c h l o r i d e s ) ,  a r e  a c c o u n t e d  f o r  t o  a  r e a s o n a =  
b l y  s a t i s f a c t o r y  a p p r o x i m a t i o n  i n  t h e  f o l l o w i n g  t e r m s ,  
i n  w h i c h  t h e  f i g u r e s  i n  p a r e n t h e s e s  a r e  a p p r o x i m a t e  
r e l a t i v e  m o l e c u l a r  p r o p o r t i o n s .
( a )  l - C h l o r o - 4 - m e t h y I n a p h t h a l e n e ,  a c c o m p a n ie d  by  a t  
l e a s t  one o t h e r  o f  i t s  i s o m e r s ,  i s  e s t a b l i s h e d ,
^ ^ P . B . D .  de l a  Mare and  N . V . E l a s s e n , C h e m . a n d  I n d . , 1 9 6 0 , 
4 9 8 ;  P .B .D .  de l a  M a r e , N . V . K l a s s e n , a n d  R . K o e n i g s b e r g e r , 
J . C h e m . S o c . , 1 9 6 1 ,5 2 8 5 ;  P . B . D .  de l a  Mare an d  R . K o e n i g s ­
b e r g e r ,  i b i d  . . 1 9 6 4 , 5 3 2 7 .
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by  v . p . c . ,  i n f r a r e d  s p e c t r o s c o p y ,  an d  p . m . r .  s p e c =  
t r o s c o p y ,  t o  be  a  m a j o r  co m p o n en t  ( c a .  0 . 5 4 )  o f  
t h e  r e a c t i o n  m i x t u r e .
( b )  1 - M e t h y I n a p h t h a l e n e - 1 , 2 , 3 , 4 - t e t r a c h l o r i d e  ( c a .  0 . 1 6 )  
h a s  b e e n  i s o l a t e d  f r o m  t h e  r e a c t i o n  m i x t u r e  b y  
co lu m n  c h r o m a t o g r a p h y .
( c ) 1 -O h lo ro m e  t h y I n a p h t h a l e n e - 1 , 2 , 3 , 4 - t e  t r a c h l o r i d e  
( c a .  0 . 1 2 )  h a s  a l s o  b e e n  i s o l a t e d  and  f u l l y  c h a r a c =  
t e r i z e d ;  i t s  p r e s e n c e  i s  shown a l s o  by  t h e  i s o l a =  
t i o n  o f  i t s  d e r i v a t i v e , t h e  d i c h l o r o - ( m e t h o x y m e t h y l ) -  
n a p h t h a l e n e  (XXXVIl) ,  a f t e r  t i m t i n g  t h e  p r o d u c t  o f  
c h l o r i n a t i o n  w i t h  m e t h a n o l i c  a l k a l i .
( d )  The f o r m a t i o n  o f  a c e t o ^ q y t r i c h l o r i d e s  ( c a .  0 . 0 6 )  i s  
c o n f i r m e d  b y  t h e  i s o l a t i o n  n o t  o n l y  o f  a  s m a l l  
am oun t  o f  s u c h  a n  a d d u c t ,  b u t  a l s o  o f  a  h y d r o x y -  
t r i c h l o r i d e ,  p r e s u m a b l y  d e r i v e d  f r o m  i t  b y  ad v e n =  
t i t i o u s  h y d r o l y s i s .
( e )  L a b i l e  a d d m c t s  ( p r o b a b l y  m a i n l y  a c e t o x y p o l y c h l o r i =  
d e s ) ,  ( c a .  0 . 1 2 )  a r e  i n f e r r e d  t o  be  p r e s e n t  b e c a u s e  
o f  t h e  r a t h e r  h i g h  r a t i o  o f  [HCI p r o d u c e d  i n  d i r e c t  
r e a c t i o n ^  t o  [HCI p r o d u c e d  on f u r t h e r  d e h y d r o c h l o r i =  
n a t i o n ]  . I t  i s  s u g g e s t e d  t h a t  t h e s e  a r e  p r o b a b l y  
a c e t o x y - c o n t a i n i n g  a d d u c t s ,  s i n c e  e x p e r i e n c e  shows 
t h e s e  t e n d  t o  b e  more l a b i l e  i n  a c e t i c  a c i d  t h a n  
a r e  p o l y c h l o r i d e s .
The t e t r a c h l o r i d e  (XXXV, LXXIV), w h i c h  a t  f i r s t  showed
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g r e a t  r e l u c t a n c e  t o  c r y s t a l l i z e ,  b u t  u l t i m a t e l y  was  
o b t a i n e d  a s  a  p r i m a r y  p r o d u c t  o f  c h l o r i n a t i o n  o f  l - m e =  
t h y I n a p h t h a l e n e ,  r e s e m b l e s  s t e r e o c h e m i c a l l y  t h e  m a in  
p r o d u c t  o f  c h l o r i n e  a d d i t i o n  t o  n a p h t h a l e n e ,  i n  t h a t  
a t  l e a s t  o n e ,  an d  p r o b a b l y  two s t a g e s  o f  c i s - a d d i t i o n  
a r e  i n v o l v e d  i n  i t s  f o r m a t i o n .  One o f  t h e  a c e t o x y t r l c h l o =  
r i d e s  foi-med i n  t h e  r e a c t i o n  h a s  a  s i m i l a r  s t e r e o c h e m i c a l  
a r r a n g m e n t  a b o u t  t h e  3 -  and  4 - p o s i t i o n ,  a s  i s  i n d i c a t e d  
b y  t h e  s t r u c t u r e  o f  t h e  d e r i v e d  h y d r o x y t r i c h l o r i d e  ( 
(X ZX V III ,  IXXVI) i s o l a t e d .
The f a c t  t h a t  some o f  t h e  a d d u c t s  f o rm e d  i n  t h e s e
c h l o r i n a t i o n s  a p p e a r  t o  be l a b i l e  i n  a c e t i c  a c i d ,  and
t o  d ec o m p o se  b e f o r e  i s o l a t i o n , i s  p a r a l l e l e d  b y  o u r
e x p e r i e n c e  w i t h  t h e  p r o d u c t s  o f  r e a c t i o n  o f  c h l o r i n e
35w i t h  p h e n a n t h r e n e  i n  a c e t i c  a c i d  . The 1 - m e t h y l  g r o u p  
w o u ld  be  e x p e c t e d  t o  r e n d e r  g r o u p s  d i r e c t l y  a t t a c h e d  
t o  i t  much more l a b i l e  t o  n u c l e o p h i l i c  d i s p l a c e m e n t s  
an d  t o  e l i m i n a t i o n s .
An e s s e n t i a l l y  a n a l o g o u s  s e q u e n c e  seem s  t o  r e p r e s e n t  
t h e  mode o f  f o r m a t i o n  mf t h e  t e t r a c h l o r i d e s  (Z L V II ,  
IX X X Il )  and  (LX I ,  LXXXIV) ,  f r o m  1 - p h e n y l - a n d  1 , 4 - d i m e t h y 1- 
n a p h t h a l e ne r e s p e c t i v e l y .  B u t  t h i â  h y p o t h e s i s  i s  r a t h e r  
c o n d i t i o n e d  by  t h e  u n c e r t a i n t y  w h i c h  a f f e c t s  a  c o m p l e t e  
d e f i n i t i o n  o f  t h e i r  s t e r e o c h e m i s t r y .
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The 1 - c h l o r o m e t h y I n a p h t h a l e n e  t e t r a c h l o r i d e  (XXXVI, 
I X X V I l ) ,  m . p .  1 5 5 ° ,  i s  u n d o u b t e d l y  a  p r o d u c t  o f  c h l o r i =  
n a t i o n  o f  1 - m e t h y I n a p h t h a l e n e  b y  a  d e f i c i e n c y  o f  c h l o r i =  
ne  i n  a c e t i c  a c i d ;  i t  w as  i s o l a t e d  i n  c a .  5^  y i e l d ,  b a s e d  
on t h e  1 - m e t h y I n a p h t h a l e n e  u s e d  u p .  l - C h l o r o m e t h y l n e p h t h a =  
l e n e  i s  a b s e n t  f r o m  t h e  r e a c t i o n  p r o d u c t ,  a s  r e s u l t s  f r o m  
v . p . c .  an d  p o t e n t i o m e t r i c  t i t r a t i o n  e v i d e n c e ,  an d  d o e s  
n o t  g i v e  t h i s  t e t r a c h l o r i d e  by  c h l o r i n a t i o n  u n d e r  t h e  
c o n d i t i o n s  u s e d  f o r  1 - m e t h y I n a p h t h a l e ne ; so  i t  i s  c o n s i =  
d e r e d  t h a t  t h e  s i d e - c h a i n  c h l o r i n e  i s  n o t  i n t r o d u c e d  b y  
h o m o l y t i c  s u b s t i t u t i o n .  H e t e r o l y t i c  s i d e - c h a i n  c h l o r i n e = 
t i o n  i s  e s t a b l i s h e d  among t h e  p o l y m e t h y l b e n z e n e s  t h r o u g h  
s t u d i e s  by  I l l u m i n a t i  an d  h i s  c o - w o r k e r s  , and  i t  i s  
p r o p o s e d  h e r e  t h a t  t h e  f o r m a t i o n  o f  ( XXXVI) i s  a n  ex am p le  
o f  t h i s  t y p e  o f  p r o i s e s s ,  w h i c h  i s  now r e p o r t e d  f o r  t h e  
f i r s t  t im e  i n  t h e  n a p h t h a l e n e  s e r i e s .  A p o s s i b l e  r e a c t i o n  
s e q ^  u e n c e  i s  t h e  f o l l o w i n g  ( T a b l e  2 3 ) ;  t h e  f i r s t  s t a g e  
w o u ld  t h e n  be  a  c i s - 3 , 4 - a d d i t i o n  i n i t i a t e d  b y  e l e c t r m =  
p h i l i c  c h l o r i n e  a t t a c k  on  t h e  a r o m a t i c  n u c l e u s ,  a n a l o g o u s  
t o  t h e  f i r s t  s t a g e  o f  c h l o r i n a t i o n  o f  n a p h t h a l e n e .
An a n a l o g o u s  r o u t e  a p p e a r s  t o  be  a l s o  a v a i l a b l e  f o r
33c h l o r i n a t i o n  b y  s u l p h u r y 1 c h l o r i d e  . O t h e r  s e q u e n c e s ,  
s i m i l a r  i n  g e n e r a l  c h a r a c t e r  b u t  d i f f e r e n t  i n  d e t a i l , c a n  
b e  f o r m u l a t e d ,  b u t  t h e  o v e r a l l  e f f e c t  i s  t h a t  o f  a n  3^2» 
r e a c t i o n  a t  some s t a g e  ( e . g . ,  C l  —^ C I I l )  o f  t h e  r e a c t i o n
. B a c i o c c h i , ÂVGia n a ,G - .  I l l u m i n a t i , a n d  C . P a s i n i , J  .Amer.
C h e m .S o c . , 1 9 6 5 , 8 7 , 3 9 5 3  .
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TABLE 2 3 .  E o i i t e  t o  1 - c h l o r o m e  t h y  I n a p h  t h a l e n e  t e t r a ­
c h l o r i d e  (XXÜCVl) f o r m a t i o n .
C l2 ( c i s )
H C l
( C I )
+ Cl, 
-  Cl’
C l  CHgCl
+ C I 2
H C l
ffi
H C l
I-  H+
H C l
( C i l )
(cm )
(XXXVI)
206
p a t h  -  t h r o u g h  a  t r a n s i t i o n  s t a t e  o f  t h e  t y p e  shown i n  
( c i v ) ,  f o l l o v / e d  hy  r e a a r r a n g m e n t .
H
H \ I ^ H  AX.
V  ^ 0 1
(CIV)
A r e m a r k a b l e  e x p e r i m e n t a l  s u p p o r t  f o r  t h e s e  w iew s  
comes f r o m  t h a  i s o l a t i o n  o f  t h e  o t h e r  s i d e - c i & a i n  c h l o r i =  
n a t e d  a d d u c t  (XLVl,  LXXXl) f r o m  1 - e t h y I n a p h t h a l e n e .
I t  m u s t  a l s o  be o b t a i n e d  t h r o u g h  a  s e q u e n c e  a n a l o g o u s  
w i t h  t h a t  d e s c r i b e d  ab o v e  f o r  (XXXVl), a l t h o u g h  d i f f e =  
r e n t  t y p e s  o f  i n t e r m e d i a t e  c o u l d  be i n v o l v e d *
A t t e n t i o n  i s  a l s o  d r a w n  t o  t h e  f a c t  t h a t  s u c h  s i d e -
c h a i n  c h l o r i n a t i o n s  h a v e  b e e n  d o c u m e n te d  e l s e w h e r e  i n
37 3 St h e  c h e m i s t r y  o f  p o l y c y c l i c  a r o m a t i c  com pounds ’ , and
v e r y  p r o b a b l y  c a n  i n v o l v e  h e t e r o l y t i c  r o u t e s  a s  t h o s e  
p r o p o s e d *
• H aup tm ann ,  H e r . , 1 9 6 0 , ^ ,  2 6 0 4 .
^^E *de  B . B a r n e t t  an d  M .A .M a t th e w s ,  B e r * ,1 9 2 6 ,5 9 *  1 4 2 9 .
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The c o j i r s e  o f  t h e  r e a c t i o n  o u t l i n e d  above f o r  
1 - m e t h y I n a p h t h a l e n e  a c c o u n t s  s a t i s f a c t o r i l y  f o r  m o s t  
f e a t u r e s  o f  t h e  p r o d u c t s ,  i n c l u d i n g  s e m i q u a n t i t a t i v e l y  
t h e  p r o p o r t i o n s .  I t  c a n n o t ,  h o w ev e r ,  be q u i t e  s u r e  t h a t  
e v e r y  r e a c t i o n  com ponen t  h a s  b e e n  i d e n t i f i e d ;  t h e  pos=  
s i b i l i t y  t h a t  r a t h e r  u n s t a b l e  d i c h l o r i d e s  o r  ace toxym o=  
n o c h l o r i d e s  ( e . g . ,  CV; X = C l ,  OAc) a r e  p r o d u c e d  i n  
s m a l l  amount h a s  n o t  b e e n  e x c l u d e d .
01 H
( CV )
When c h l o r i n e  i s  u s e d  i n  e x c e s s ,  t h e  c h l o r o t e t r a -  
c h l o r i d e s  fo rm e d  by a d d i t i o n  t o  l - c h l o r o - 4 - m e t h y l n a p h =  
t h a l e n e  a r e  e a s i l y  i s o l a t e d .  The a d d u c t  (XXXIX,LXXVIII) ,  
i n  w h ic h  c h l o r i n e  h a s  s u b s t i t u t e d  i n  one r i n g  and t h e n  
a d d e d  t o  t h e  o t h e r ,  i s  t h e  m a in  p r o d u c t  o f  t h i s  k i n d  
o b t a i n e d  by c h l o r i n a t i o n  4n  a c e t i c  a c i d .  I f  t h e  p r p p o s e d  
s t r u c t u r e  (L X X V III -a )  w ere  c o r r e c t ,  i t  c o u l d  be fo rm ed  
by  two s u c c e s s i v e  c i s - a d d i t i o n s . S u c J l  a  s e q u e n c e  i s  ob= 
v i o u s l y  t h a t  l e a d i n g  t o  t h e  n a p h t h a l e n e - t e t r a c h l o r i d e , 
e v e n  t h o u g h t  t h e  two a d d u c t s  a r e  o b t a i n e d  by s l i g h t l y  
d i f f e r e n t  p r e p a r a t i v e  p r o c e d u r e s .  C o n v e r s e l y ,  t h e  a l t e r =  
n a t i v e  s t r u c t u r e  (LX X V III-b )  c a l l s  f o r  two n e c e s s a r i l y  
t r a n s - a d d i t i o n s , e i t h e r  1 , 2  and 3 , 4  , o r  1 , 4  and t h e n  
2 , 3 .
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A m i x t u r e  o f  a c e t o x y t r i c h l o r i d e s  o f  r e l a t e d  s t r u c =  
t u r e  (XLIV and  XLV) was a l s o  o b t a i n e d .
The i s o m e r i c  c h l o r o t e t r a c h l o r i d e  ( X L I l )  i n  w h ic h  
c h l o r i n e  h a s  ad d ed  t o  t h e  s u b s t i t u t e d  r i n g ,  i s  o b t a i n e d  
i n s t e a d  when 1 -me t h y I n a p h t h a l e  ne o r  l - c h l o r o - 4 - m e t h y l -  
n a p h t h a l e n e  i s  t r e a t e d  w i t h  c h l o r i n e  i n  e x c e s s  w i t h o u t  
s o l v e n t . The s t e r e o c h e m i s t r y  (LXXIX) o f  t h i s  s u b s t a n c e  
i s  d i f f e r e n t  f ro m  t h a t  w h ic h  we have  commonly e n c o u n te =  
r e d  i n  p o l y c h l o r i d e s  o f  t h i s  s e r i e s ;  t h i s  r e f l e c t s  a  
d i f f e r e n t  ( p e r h a p s  h o m o l y t i c )  m echan ism  o f  c h l o r i n a t i o n  
u n d e r  t h e  a p r o t i c  c o n d i t i o n s  w h ic h  f a v o u r  f o r m a t i o n  o f  
t h i s  i s o m e r .
On t h e  w h o le ,  t h e s e  r e s u l t s  i l l u s t r a t e  t h e  v a r i e t y  
o f  t h e  r e a c t i o n  p a t h s  i n v o l v e d  i n  t h e  c h l o r i n a t i o n  o f  
1 - m e t h y I n a p h t h a l e n e ,  and  e s t a b l i s h  t h e  n a t u r e  o f  dome 
o f  t h e  p o l y c h l o r i d e s  o b t a i n a b l e .
1 7 . 2  ROUTES TO THE ADEUGTS FROM 2-RlETHYLNAPHTHALENE.
I n  a  g e n e r a l  way, i t  i s  c l e a r  t h a t  t h e  c h e m i s t r y  
o f  2 - m e t h y l n a p h t h a l e n e  i s  l i k e  t h a t  o f  n a p h t h a l e n e ;  
e l e c t r o p h i l i c  a t t a c k  a t  t h e  1 - p o s i t i o n  c a n  be f o l l o w e d  
by  p r o t o n - l o s s ,  o r  by c o o r d i n a t i o n  v / i t h  a  n u c l e o p h i l e  
t o  g i b e  a n  a d d u c t  w h ic h  t h e n  c a n  r e a c t  f u r t h e r  w i t h  
c h l o r i n e .  I n  one o f  o t h e r  o f  t h e s e  s t a g e s  o f  a d d i t i o n ^
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a c e t i c  a c i d  c a n  com p e te  w i t h  c h l o r i d e  a s  t h e  n u c l e o p h i l e ,  
so  t h a t  one o f  t h e  p r o d u c t s  i s  a n  a c e t o x y t r i c h l o r i d e .
D e t a i l s  t o  t h e  r o u t e s  t o  t h e  a d d u c t s  s e e m ,h o w e v e r ,  
t o  he  s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e  two c a s e s .  W i th  
n a p h t h a l e n e ,  t h e  m a in  t e t r a c h l o r i d e  i s  t h e  a l p h a - i s o m e r .  
f o rm e d  m o s t  p r o b a b l y  by  two s u c c e s s i v e  s t a g e s  o f  c i s -!X A -
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a d d i t i o n  • T h e r e  i s  no i n d i c a t i o n  o f  t h e  f o r m a t i o n  o f  
t h e  c o r r e s p o n d i n g  2 - m e t h y l n a p h t h a l e n e  t e t r a c h l o r i d e  ; 
i n s t e a d ,  t h e  t e t r a c h l o r i d e  h a s  t h e  3 , 4 - c h l o r i n e  a to m s  
t r a n s  t o  e a c h  o t h e r .
The a c e t o x y c h l o r i d e  i s  s i m i l a r ,  and  i n  t h i s  r e s p e c t  
r e s e m b l e s  t h e  a c e t o x y c h l o r i d e  f ro m  n a p h t h a l e n e .
As p o i n t e d  o u t  f o r  t h e  l a t t e r ,  t h e  2 - m e t h y l n a p h t h a l e n e  
a c e t o x y t r i c h l o r i d e  ( L I I ,  LXXXVIl) c o u l d  a l s o  be  fo rm e d  
i n  more t h a n  one w ay .  The f i r s t  i s  b y  a  t r a n s -3  $4 - a d d i =  
t i o n  i n  t h e  s e c o n d  s t a g e  o f  t h e  r e a c t i o n ,  i n i t i a t e d  by  
e l e c t r o p h i l i c  c h l o r i n e  a t  t h e  3 - p o s i t i o n  on t h e  f a c e  o f  
t h e  m o l e c u l e  o p p o s i t e  t o  t h a t  t a k e n  b y  t h e  f i r s t  m ole=  
c u l e  o f  c h l o r i n e ,  w h i c h  a d d e d  a c c o r d i n g  a  c i s - l , 2 - p r p c e s s . 
F u r t h e r m o r e ,  t h e  s t e r e o c h e m i s t r y  o f  t h i s  p a r t i c u l a r  
a c e t o x y t r i c h l o r o  a d d u c t  r e q u i r e s  t h a t ,  i f  i t  s h o u l d  be 
fo rm e d  by  i n t e r v e n t i o n  o f  a c e t a t e  i o n s  i n  t h e  a d d i t i o n  
o f  t h e  f i r s t  m o l e c u l e  o f  c h l o r i n e ,  a  r o u t e  s u c h  a s  t h a t  
o u t l i n e d  b e lo w  s h o u l d  be  a d o p t e d ,  i n v o l v i n g  c i s - 1 , 4 - a d = 
d i t i o n  o f  ClOAc t o  g i v e  ( C V I l ) ,  f o l l o w e d  by  t r a n s - 2 , 3 -  
a d d i t i o n  o f  c h l o r i n e .
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Cl
AcO HP
(LXX2YII)
+ Clg
- cr
+ C I 2
■Me
H
(OVI)
+ OAc
AcO H
(C V II )
T h e re  a r e  t h r e e  p o s s i b l e  ways  i n  w h ic h  t h e  c o u r s e  
o f  a d d i t i o n  c o u l d  h a v e  b e e n  m o d i f i e d  b y  t h e  2 - m e t h y l  
g r o u p :
( i )  by  p r o m o t i o n  o f  t r a n s - 1 , 2 -  i n s t e a d  o f  c i s - l , 2 - a d d i :  
t i o n ;
( i i )  by  p r o m o t i o n  o f  1 , 4 -  i n s t e a d  o f  1 , 2 - a d d i t i o n ;
( i i i )  by  a l t e r a t i o n  o f  t h e  p o s i t i o n  o f  c o n f o r m a t i o n a l  
e q u i l i b r i u m  i n  t h e  i n t e r m e d i a t e  d i c h l o r i d e  o r  
a c e t o x y c h l o r i d e ,  w i t h  a  r e s u l t i n g  a l t e r a t i o n  i n  
t h e  s t e r e o c h e m i s t r y  o f  f u r t h e r  a d d i t i o n .
On t h e  m e ch an ism  w h i c h  h a s  b e e n  p r o p o s e d  f o r  t h e  c h l o r i=
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n a t i o n  o f  n a p h t h a l e n e  , t h e  p r e s e n c e  o f  t h e  2 - m e t h y l  
g r o u p  w o u ld  c e r t a i n l y  be e x p e c t e d  t o  h i n d e r  c a p t u r e  o f  
n u c l e o p h i l i c  c h l o r i n e  a t  t h e  2 - p o s i t i o n ,  an d  t o  f a c i l i =  
f a t e  t r a n s - a d d i t i o n  p r o c e s s e s  i n  t h e  f i r s t  s t a g e  o f  t h e  
r e a c t i o n  by  s t a b i l i z i n g  t h e  i n t e r m e d i a t e  c a r b o n i u m  I o n  
an d  t h e r e b y  i n c r e a s i n g  t h e  i m p o r t a n c e  o f  r e a c t i o n  by  
t h i s  r o u t e .
The s t e r e o c h e m i s t r y  w h i c h  i s  now p r o p o s e d  f o r  t h e s e  
a d d u c t s  i s  c o n s i s t e n t  v / i t h  t h e  v ie w  t h a t  b o t h  o f  th e m  
a  r e  f o rm e d  by  t h e  same r o u t e  by  w h i c h  n a p h t h a l e n e - S ' -  
t e t r a c h l o r i d e  an d  t h e  m a in  n a p h t h a l e n e  a c e t o x y t r i c h l o r i =  
de  a r e  o b t a i n e d  ( s e e  R e f .  22 and  T a b l e  2 2 ) .  S o ,  one o f  
t h e  p o s s i b l e  r o u t e s  t o  t h e s e  compounds i n v o l v e s  c i s - 1 , 4 -  
a d d i t i o n  i n  t h e  f i r s t  s t a g e  o f  t h e  r e a c t i o n ;  a%d, s i n c e  
t r a n s - 1 , 2 - a d d i t i o n  d o e s  n o t  seem  t o  be  a  m a j o r  mode o f  
r e a c t i o n ,  t h e  p r e s e n t  r e s u l t  s u g g e s t  t h a t  1 , 4 - a d d i t i o n  
may s o m e t im e s  c o n t r i b u t e  t o  p r o d u c t  f o r m a t i o n  i n  a d d i =  
t i o n  t o  n a p h t h a l e n e  s y s t e m s .
I n  t h e  c a s e  o f  t h e  two d i f f e r e n t  c h l o r o t e t r a -  
c h l o r i d e s  p r o d u c e d  f r o m  l - c h l o r o - 2 - m e t h y I n a p h t h a l e n e  
( o r  2 -me t i iy  I n a p h  t h a l e  ne  ) ,  i n  w h i c h  c h l o r i n e  a d d e d  
e i t h e r  i n  t h e  a l r e a d y  s u b s t i t u t e d  r i n g  ( a s  i n  L IX ,X C l)  
o r  i n  t h e  u n s u b s t i t u t e d  one ( a s  i n  LXX, X C I I l ) ,  a  f o r m a l =  
l y  a n a l o g o u s  s i t u a t i o n  a r i s e s  a s  w i t h  t h e  two l - c h l o r o =  
m e t h y I n a p h t h a l e ne  t e t r a c h l o r i d e s  (XXXVI, LXXVII) and
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(L ,  L X X X I I I ) .  When a  s u b s t i t u e n t  i s  n o t  m a r k e d l y  a c t i =  
v a t i n g  o r  d e a c t i v a t i n g ,  o r  two s u b s t i t u e n t s  c o m p e te  
o w in g  t o  t h e i r  o p p o s i t e  o r i e n t i n g  i n f l u e n c e s ,  i t  i s  
l i k e l y  t o  h a v e  b o t h  t h e  a b o v e  r e f e r r e d  p o s s i b i l i t i e s  
o f  a d d i t i o n .
l - C h l o r o - 2 - m e t h y l n a p h t h a l e n e  t e t r a c h l o r i d e  (X C I )
c a n  b e  d e r i v e d  e i t h e r  f r o m  2 - m e t h y l n a p h t h a l e n e  o r  f r o m
l - c h l o r o - 2 - m e  t h y  I n a p h  t h a l e n e  . The l a t t e r  compound w o u ld
be  e x p e c t e d  t o  u n d e r g o  a t t a c k  by  e l e c t r o p h i l e s  p r e f e r s n =
t i a l l y  i n  t h e  4 - p o s i t i o n ;  1 - b r  omo -2 -m e  t h y  I n a p h t h a l e  ne 
39i s  r e p o r t e d  a s  u n d e r g o i n g  n i t r a t i o n  i n  t h e  4 - p o s i t i o n .  
The t e t r a c h l o r i d e  w i t h  w h i c h  we a r e  now c o n c e r n e d  h a s  
a  s e c o n d  c h l o r i n e  a t o m  i n  t h e  3 - p o s i t i o n ,  t r a n s  t o  t h e  
c h l o r i n e  a to m  f i r s t  i n t r o d u c e d  e l e c t r o p h i l i c a l l y . T h i s  
t e t r a c h l o r i d e ,  t h e r e f o r e ,  m u s t  be  f o r m e d  b y  a  p r o c e s s  
d i f f e r e n t  f r o m  t h o s e  i n v o l v e d  i n  f o r m a t i o n  o f  a n y  o f  
t h e  o t h e r  a d d u c t s  s o  f a r  c o n s i d e r e d .  One p o s s i b l e  r o u t e  
i n v o l v e s  two s u c c e s s i v e  t r a n s - a d d i t i o n s  s u c c e s s i v e l y  i n  
t h e  3 , 4 -  an d  1 , 2 - p o s i t i o n s ,  t h e  f i n a l  p r o d u c t  b e i n g ,  
i n  o n r  v i e w ,  l i k e  t h a t  o f  n a p h t h a l e n e  -  - t e t r a c h l o r i d e  
( L Y I I I )  r a t h e r  t h a n  l i k e  t h a t  o f  e i t h e r  o f  t h e  t e t r a ­
c h l o r i d e s  o f  n a p h t h a l e n e  ( a l p h a  and  d e l t a ) f o r m e d  by  
h e t e r o l y t i c  a d d i t i o n .
^ ^ V v e s e l y  an d  J  . K a p p ,E e c  . t r a v . c h i M . , 1 9 2 5 , 4 4 , 3 6 0 .
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1 7 . 3  ROUTES TO THE OTHER POLYCHLORIDES.
1 - C h l o r o n a p h t h a l e n e  t e t r a c h l o r i d e  may he  c o n s i d e r e d  
t o  he  o b t a i n e d  f r o m  1 - c h l o r o n a p h t h a l e n e  b y  e l e c t r o p h i l i c  
a t t a c k  a t  t h e  4 - p o s i t i o n ,  s i n c e  t h i s  i s  t h e  m a in  p o s i t i o n  
o f  f u r t h e r  s u b s t i t u t i o n  i n  n a p h t h a l e n e " ^ ^ .  I t s  f o r m a t i o n ,  
t h e r e f o r e ,  c o u l d  be  a n a l o g o u s  e i t h e r  t o  t h a t  o f  t h e  a l p h a  
o r  t o  t h a t  o f  t h e  d e l t a - i s o m e r  o f  n a p h t h a l e n e  t e t r a c h l o r i =  
d e ;  t h e  s i m p l e s t  v i e w  w o u ld  i n v o l v e  a  c i s - 3 , 4 - a d d i t i o n ,  
f o l l o w e d  by  e i t h e r  a  £ i s -  o r  a  t r a n s -  ( o r  p e r h a p s  b o t h  
c i s -  a n d  t r a n s - ) - l , 2 - a d d i t i o n .
E x c e p t  f o r  t h e  1 , 2 , 3 , 4 , 5 - p e n t a c h l o r o - l , 2 , 3 , 4 - t e t r a ­
h y d r o n a p h t h a l e n e  ( L X Y I I I ,  X C V I I l ) ,  w hose  s t e r e o c h e m i s t r y  
w as  d e f i n i t e l y  a s c e r t a i n e d  a n d  w hose  mode o f  f o r m a t i o n  
c a n  b e  c o n s e q u e n t l y  r e l a t e d  t o  t h a t  o f  t h e  a l p h a - l i k e  
n a p h t h a l e n e  t e t r a c h l o r i d e s ,  i n  t h e  o t h e r  c a s e s  -  i . e . ,  
f o r  p o l y c h l o r i d e s  (LXIV) a n d  (L X V Il)  -  t h e  i n f o r m a t i o n  
so  f a r  a v a i l a b l e  a b o u t  t h e  g e o m e t r y  o f  t h e  m o l e c u l e  i s  
n o t  y e t  c o n c l u s i v e  e n o u g h  f o r  p r o f i t a b l e  d i s c u s s i o n  o f  
how t h e y  w e r e  o r i g i n a t e d .  E x p e r i m e n t a l  c o n d i t i o n s ,  how= 
e v e r ,  i n d i c a t e  a  h e t e r o l y t i c  p r o c e s s  a s  r e s p o n s i b l e  f o r  
t h e i r  f o r m a t i o n .
^ ^ E .G - .T u r n e r  a n d  W .P .W ynne , J  .C hem .S oc  . ,  1 9 4 1 , 243
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1 8 .  GENERAL CONCLUSIONS.
The r e s u l t s  o b t a i n e d  by  t h e  c h l o r i n a t i o n  r e a c t i o n  
on  t h e  n a p h t h a l e n e  n u c l e u s  a r e  o f  i n t e r e s t  i f  c o n s i d e =  
r e d  i n  a  w i d e r  c o n t e x t ,  a n d  a l l o w  f o r  some g e n e r a l i z a =  
t i o n .
F i r s t  o f  a l l ,  t h e y  c o n f i r m  t h e  c l o s e  l i n k  b e t w e e n  
u n s a t u r a t e d  a r o m a t i c  an d  a l i p h a t i c  c o m p o u n d s ,  w h i c h  a r e  
r e c o g n i z e d  t o  r e a c t  w i t h  h a l o g e n s  a c c o r d i n g  a  m u l t i p l e  
s t e p  p r o c e s s ;  a d d i t i o n  a n d  e l i m i n a t i o n  s e q u e n c e s  r e p r e =  
s e n t  a n  a l t e r n a t i v e  f a t e  o f  a  common c a r b o n i u m  i o n i c  
i n t e r m e d i a t e ,  an d  p l a y  a n  i m p o r t a n t  r o l e  on  t h e  w h o le  
r e a c t i o n  s c h e m e .
S e c o n d l y ,  m o d e rn  p h y s i c o - c h e m i c a l  t e c h n i q u e s  -  a s  
p r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r o m e t r y  an d  k i n e t i c  
m e t h o d s  -  g r e a t l y  c o n t r i b u t e  t o  e l u c i d a t e  i n  d e t a i l  t h e  
s t e r e o c h e m i s t r y  o f  a d d i t i o n  p r o d u c t s .  As a  c o n s e q u e n c e ,  
t h e i r  m odes  o f  f o r m a t i o n  c a n  be  e s t a b l i s h e d .
I n  d i s c u s s i n g  t h e  r e l a t i o n s h i p  o f  t h e  p a t h s  l e a d i n g  
t o  c i s  a n d  t r a n s  a d d i t i o n ,  t h e  p o s s i b i l i t y  m u s t  b e  
r e c o g n i z e d  t h a t  t h e  f o r m e r  i s  a  m o s t  f r e q u e n t  p r o c e s s  
t h a n  i t  i s  u s u a l l y  r e c o g n i z e d ,  w^hen h e t e r o l y t i c  c o n d i =  
t i o n s  a r e  c h o s e n ;  t h e  e l e c t r o p h i l i c  n a t u r e  o f  c h l o r i n e  
se em s  t o  be  j u s t  a s  i m p o r t a n t  i n  c i s -  a d d i t i o n  a s  i t  
i s  i n  s u b s t i t u t i o n .
F u r t h e r m o r e ,  t h e  e f f e c t  o f  e x p e r i m e n t a l  p a r a m e t e r s  
a s  c o n d i t i o n i n g  t h e  p r o p o r t i o n s  o f  h e t e r o l y t i c  a d d i t i o n
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an d  s u b s t i t u t i o n  f o r  t h e  a r o m a t i c  s u b s t r a t e  e x a m i n e d ,  
i s  s i g n i f i c a n t  i n  t h i s  c o n n e c t i o n  an d  w o r t h  b e i n g  f u r t h e r  
i n v e s t i g a t e d .
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